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I. — Eminent  Living  Geologists: 

THOMAS  McKENNY  HUGHES,  M.A.,  F.R.S.,  F.G.S.,  F.S.A., 

Woodwaidian  Professor  of  Geology  in  the  UniverHity  of  Cambridge*; 
f  Trinity  College,  Cambridge ;  Professorial  Fellow  of  Clare  College,  Cambridge ; 
Cheyalier  of  the  Order  SS.  Maurice  et  Lazanu,  Italia ; 
Corr.  Memb.  Geol.  Soc.  Belgium,  France,  Germany,  Italy,  etc. 

(WITH    A    PORTRAIT,   PLATE    I.) 

MONG  the  great  body  of  geologists,  who  are  justly  entitled  by 
L  their  work  in  this  field  of  science  to  rank  as  **  knights- 
tnmanders  of  the  hammer,'*  there  is  no  one  more  distinguished,  as 
)11  for  his  active  services  as  for  the  geniality  of  his  disposition  and 
i  bonhomie,  than  the  amiable  and  accomplished  occupant  of  the 
oodwardian  Chair  of  Geology  in  the  University  of  Cambridge, 
'ofessor  T.  MoKenny  Hughes. 

He  was  bom  at  Aberystwyth,  in  Wales,  and  is  the  son  of  that 
3st  famous  and  popular  Bishop  of  St.  Asaph  (1807-1889)  well 
10 wn  as  a  prelate  who  preached  and  talked  to  his  people  fluently 

Welsh,  and  was  beloved  by  all  in  his  diocese  accordingly, 
r.  T.  MoKenny  Hughes  is  also  brother  of  the  present  Bishop  of 
andaff,  and  a  grandson  of  Sir  lliom£is  McKenny,  Bart.,  who  took 
very  prominent  part  in  promoting  Catholic  emancipation  and 
nilar  movements  in  Ireland. 

Spending  much  of  his  early  days  in  the  Principality,  Mr.  Hughes 
tturally  acquired  a  thorough  knowledge  of  Welsh,  and  has  never 
ased  to  cherish  a  love  for  the  Cambrian  mountains  and  valleys  of 
8  native  land,  where  he  also  imbibed  from  association  much  of  the 
ippy  disposition  and  quickness  of  mode  characteristic  of  the  Welsh 
iople,  together  with  their  love  of  music  and  anecdote.  His  early 
lucation  was  acquired  at  Leamington  and  Llandovery  Colleges, 
hence  he  afterwards  entered  at  Trinity  College,  Cambridge, 
L  1853.     While  an  undergraduate  he  was  an  associate  of  the  Ray 
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Olub,  and  a  oonstanlb'jattendant  at  Professor  Sedgwick's  lectures  in 
the  Woodwardia^'^aseum.  After  taking  his  Bachelor's  degree  in 
1857,  he  wa[|*jBng9^ed  in  tuition  for  two  years,  during  which  his 
geological  teiid&^oies  were  for  the  time  in  abeyance.  Mr.  Hughes 
did  not  proceed  to  take  his  M.A.  degree  until  ten  years  later, 
in  1867. ;.://' 

At  th^^Qommencement  of  the  year  1860  a  new  career  seemed  to 

be  opening  to  Mr.  Hughes,  when  he  received  the  appointment  of 

Seoretfliry  to  Mr.  (afterwards  Sir)  C.  T.  Newton,  K.C.B.,  H.B.M. 

Gpi;^8U.lMn  Rome,  where  later  in  that  year,  and  in  1861,  Mr.  Hughes 

^  i^asjteft  in  charge  as  Acting-Consul.     During  his  residence  in  Rome 

:/^'took  the  opportunity  to  study  the  sub-Apennine  formations  on  the 

,,/ hills  around  the  Eternal  City,  and  made  collections  of  fossils  from 

'•.•'*them,  and  also  from  the  more  recent  deposits  of  the  Valley  of  the 

•-  •   Tiber. 

One  of  the  most  interesting  episodes  in  his  life  was  when  he  was 
left  Acting-Consul  in  Rome  in  1860  and  1861,  when  Oaribaldi  was 
marching  on  the  city  and  all  sorts  of  mercenaries  were  collected  to 
meet  him.  Among  them  was  a  brigade  of  Irishmen,  who  gave  more 
trouble  to  the  Papal  officers  themselves  than  to  the  enemy.  He  was 
often  oalled  in  to  help  to  arrange  matters  officieu$ement  between  the 
officers  and  their  men,  who  could  not  understand  one  another's 
language.  This  kind  of  training  abroad  gave  him  an  experience  in 
dealing  with  men  which  he  has  found  useful  ever  since. 

In  1861  he  had  the  option  of  accompanying  Lord  Odo  Russell  to 
Berlin,  and  at  the  same  time  he  received  an  invitation  from  Sir 
Roderick  Murchison  to  join  the  stafif  of  the  Geological  Survey  of 
Great  Britain.  In  this  ''  meeting  of  the  waters "  his  love  for 
geology  prevailed,  he  bade  adieu  to  Rome,  and  to  what  seemed  to 
promise  in  the  future  a  brilliant  diplomatic  career,  and  he  returned 
to  England  as  a  '*  Royal  hammerer." 

Accordingly  we  find  Mr.  Hughes  later  on  in  1861  duly  installed 
as  an  Assistant  Geologist  on  the  Geological  Survey  of  Great  Britain, 
Sir  Roderick  I.  Murchison  being  then  Director-General,  and  Professor 
A.  C.  Ramsay,  Director.  He  commenced  work,  and  was  occupied 
during  several  field  seasons  in  mapping  the  Chalk  and  Lower 
Eocene  strata  along  the  Medway  Valley,  and  near  Faversham  and 
Sittingboume ;  and  his  observations  on  this  region  were  published 
in  Mr.  Whitaker's  Memoir  on  the  Geology  of  the  London  Basin 
(Mem.  Geol.  Surv.,  vol.  iv,  1872).  The  Chalk  was  then  divided 
into  broad  lithological  divisions,  which  were  carefully  described 
with  regard  to  their  local  features,  economic  products,  and  leading 
fossils;  and  Mr.  Hughes  remarked  that  **  from  the  varying  character 
of  the  beds  and  the  irregular  occurrence  of  the  layers  of  flints,  it  is 
very  probable  that  the  same  horizon  may  not  have  been  everywhere 
taken  as  the  base  of  the  Upper  Chalk."  Attention  was  called  to  the 
accumulations  of  chalk  and  flint  rubble  that  have  attracted  madh 
notice  during  recent  years ;  and  also  to  the  layer  of  unworn  green- 
coated  flints  that  usually  occurs  at  the  top  of  the  Chalk,  where  it  is 
covered  by  the  Thanet  Sand.     Mr.  Hughes  (in  a  paper  read  before 
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the  Geological  Society  in  1866)  gave  reasons  for  believing  that  the 
layer  was  due  to  the  dissolution  of  the  top  beds  of  the  Chalk  after 
the  deposition  of  the  Thanet  Sand.  He  also  dealt  with  Sheppey,  the 
rapid  waste  of  its  coast,  and  the  carious  mounds  in  the  adjacent 
marshes,  that  had  been  a  puzzle  to  antiquaries,  but  might  well 
be  attributed  to  tidal  action  and  the  modifying  e£fects  of  subaerial 
denudation.  He  pointed  out  that  the  Medway,  below  Cuxton,  flows 
along  the  line  of  a  gentle  anticlinal  axis  in  the  Ohalk,  and  he 
discussed  the  effects  of  denudation  on  the  permanent  water-level  in 
the  Chalk. 

Working  later  (1865-6)  in  the  country  near  Hertford  and 
St.  Albans,  Mr.  Hughes  described  the  drift  gravels  under  two  heads ; 
that  of  the  Lower  Plain,  which  for  the  most  part  is  the  ordinary 
mixed  glacial  gravel  associated  with  the  Chalky  Boulder-clay,  and 
that  of  the  Higher  Plain,  consisting  chiefly  of  pebbles  of  flint,  quartz, 
etc.,  which  he  regarded  as  a  marine  deposit,  and  he  hinted  at  its 
possible  Pliocene  age. 

In  1866  Mr.  Hughes  was  transferred  to  the  Lake  District  where 
the  Oeological  Survey  had  commenced  operations  under  the  super- 
intendence of  W.  T.  Aveline.  In  that  region  he  had  the  satisfaction 
of  meeting  his  old  master,  Sedgwick,  on  his  own  gpround,  working 
in  the  neighbourhood  of  Kirkby  Lonsdale,  Dent,  and  Sedbergh. 
There,  too,  he  was  ever  a  welcome  guest  in  the  country  houses,  and 
after  a  hard  day's  tramp  across  mountain  and  moor,  he  frequently 
rode  many  miles  on  horseback  from  his  quarters  to  dinner  or  dance. 
His  personality  has  always  readily  turned  strangers  into  friends 
amongst  rich  and  poor.  Once,  after  a  long  day's  work  in  the  Crossfell 
country,  he  went  into  a  lonely  cottage  and  asked  the  good  woman  to 
give  him  something  to  eat.  She  did  so,  and  when  he  had  finished 
he  said,  "  What  is  there  to  pay  ?  "  "  Nowt  at  a',  nowt  at  a',"  she 
replied,  "yer  cumpany 's  good  I  " 

He  now  zealously  paid  attention  to  the  fossils  of  the  Silurian  and 
other  rocks  on  the  borders  of  Westmorland  and  Yorkshire,  and  his 
observations  communicated  to  the  Gkoloqioal  Magazine  for  1867 
led  him  to  confirm  the  breach  between  the  Upper  and  Lower 
Silurian,  and  to  support  the  view  of  Sedgwick  that  the  Coniston 
Flags  formed  the  base  of  the  upper  division.  The  publication  of 
these  views  was,  we  believe,  received  with  some  disapprobation  on 
the  part  of  the  Director-General  of  the  Geological  Survey. 

The  main  results  of  his  field-work  were  printed  subsequently  in 
Memoirs  on  the  geology  of  the  neighbourhood  of  Kirkby  Lonsdale 
and  Kendal  (written  in  conjunction  with  Mr.  W.  T.  Aveline  and 
Mr.  R.  H.  Tiddeman),  and  on  the  geology  of  the  country  around 
Kendal,  Sedbergh,  Bowness,  and  Tebay  (with  W.  T.  Aveline). 

In  describing  the  "  Upper  Old  Red  Conglomerate  "  he  remarked 
on  the  unfortunate  introduction  into  the  district  of  the  term  "  Old 
Red,"  as  the  conglomerate  was  truly  the  Basement  Bed  of  the 
Carboniferous  Series.  With  reference  to  the  Yoredale  Rooks,  he 
observed  that  "They  thus  form  a  kind  of  passage  from  the  Mountain 
Limestone  to  the  Millstone  Grit,  and  should,  perhaps,  be  considered 


4  Eminent  Living  Geologists — 

as  the  upper  part  of  the  Mountain  Limestone  split  up  by  shales  ml 
sandstones." 

In  all  his  notes  published  by  the  Geologioal  Survey  we  find 
careful  attention  paid  to  the  work  of  previous  observers,  and  many 
aoute  observations  on  the  facts  and  phenomena  that  came  before  him. 

It  was  while  serving  as  an  Assistant  Geologist  on  the  Geologiotl 
Survey  that  the  Chair  of  Geology  in  Oambridge  became  vaos&t 
by  the  death,  in  his  88th  year,  of  the  illustrious  Professor  Adam 
Sedgwick,  on  the  27th  January,  1873,  after  occupying  that  positioik 
for  55  years. 

By  Statute  of  the  University,  the  appointment  must  take  place 
within  one  month  from  the  vacancy  being  declared,  so  that  on  the 
20th  February,  1873,  the  Heads  of  Houses,  Professors,  University 
Examiners,  and  resident  members  of  the  Senate  proceeded  to  eleet 
a  successor,  no  fewer  than  nine  candidates  having  offered  themselveB 
for  the  post.  Most  of  these,  however,  withdrew  without  going  to  the 
poll,  while  other  candidates  early  retired  from  the  contesty  which 
finally  resulted  in  the  election  of  Mr.  Hughes  by  a  small  majority 
over  Professor  Bonney. 

Both  before  and  after  his  election  to  the  chair.  Professor  Hughes 
was  intimately  associated  with  the  late  Sir  Charles  LyeU,  with 
whom  he  made  several  foreign  and  British  tours.  Lyell  frequently 
mentions  his  friend — **  Mr.  T.  M'K.  Hughes,  now  Woodwardian 
Professor  at  Cambridge  " — in  the  fourth  edition  of  his  "  Antiquity  of 
Man,"  when,  in  the  Spring  of  1872,  they  visited  together  the  oave  of 
Aurignao  and  the  caverns  of  Dordogne. 

As  a  lecturer  Professor  Hughes  is  extremely  fluent  and  dear  in  his 
delivery,  and  he  makes  excellent  use  of  the  chalk  and  blackboard  t& 
aid  his  demonstrations.  He  is  also  a  most  popular  man  with  his 
students  and  at  the  meetings  of  his  fellow-workers  at  the  Geological 
Society  of  London. 

The  remarkable  feature  of  Professor  Hughes'  work  in  Cambridge 
has  been  the  large  number  of  men  of  mark  who  have  studied  under 
him,  and  also  the  very  strong  list  of  graduates  who  have  joined  the 
teaching  staff  in  what  is  now  justly  recognised  as  "  the  Cambridge 
School  of  Geology." 

We  recall  with  pleasure  some  of  these  who  have  taken 
distinguished  places  in  the  world,  and  a  few  who  have  already  ended 
their  work  well : — 

1874.^  Walter  Keeping,  M.A.,  Professor  of  Natural  Science,  Abervstwyth  UiiiTenitT* 
1876.    RobOTt  D.  Kol^rts,  D.Sc,  M.A.,  F.G.S.,  University  of  London,  etc. 
1875.    Aubrey  Strahan,  M.A.,  F.R.S.,  Geological  SurYey  of  England  and  Wales. 

1878.  Edward  B.  Tawney,  M.A.,  F.G.8.,  Assistant  to  the  Woodwardian  Professor. 

1879.  J.  E.  Marr,  M.A.,  Sc.D.,  F.R.S.,  President  Geol.  Soc.  London  (Reader  in. 

Geolc^  in  the  Universitv  of  Cambridge). 

1879.  T.  n.  D.  La  Tonche,  M.A.,  Superintendent  Geol.  Surrey  of  India. 

1880.  C.  S.  Middlemiss,  M.A.,  F.G.S.,  Superintendent  Geol.  Survey  of  India. 

1880.  Arthur  S.  Reid,  M.A.,  F.G.S.,  Trim^  College,  Glenahnond. 

1881.  W.  n.  Herries,  B.A.,  F.G.S.,  New  Zealand. 

1  The  date  affixed  is  that  of  the  first  degree  taken  at  Cambridge.    Where  the  date 
could  not  be  ascertained,  a  dash  is  put  instead  of  the  year. — Edit.  Giol.  Mao. 
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1882.     Professor  W.  W.  Watts,  M.A.,  M.Sc,  F.R.S.,  Sec.  Geol.  Soc.  London ; 
UniTersitY  of  Birmin^om. 

1882.  Alfred  Harker,  M.A.,  F.R.S.  [Geol.  Survey  of  Scotland  (retired)],  Fellow  of 

St.  John's  College,  Cambridge ;  UniTersity  Lecturer  in  Petrology. 

1883.  Rer.  W.  M.  Lower  Carter,  M.A.,  F.G.S.,  Sec.  Yorks.  Geol.  Polyt.  Soc 
1883.    T.  Robots,  M.A.,  F.G.S.,  As^tant  to  the  Woodwardian  Professor. 

1883.  Evan  W.  Small,  M.A.,  B.So. 

1884.  J.  R.  Ainsworth  Davis,  Professor  XJniyersity  College,  Aberystwyth. 
1884.     Robert  S.  Berries,  M.A.,  Y.P.  Geol.  Soc. 

1886.    J.W.  Carr,  M.A.,  F.L.S.,  F.G.S.,  Professor  University  College,  Nottingham. 
1886.    A.  C.   Seward,   M.A.,  F.R.S.,  F.L.S.,  Fellow   of   Emmanuel   College, 
Cambridge ;  University  Lecturer  in  Botany,  Cambridge. 

1886.  Professor  £.  J.  Garwood,  M.A.,  Sec.  Geol.  Soc.  London :   Professor  of 

Geology,  Universi^  College,  London. 

1887.  Philip  Lake,  M.A.,  F.G.S.,  Lecturer  at  Colchester  College. 

1888.  Professor  T.  H.  Easterfield,  M.A.,  Wellington,  New  ZeaSiand. 

1888.    Arthur   Hutchinson,   M.A.,   Ph.D.,   F.C.S.,   F.G.S.,    Demonstrator   in 
Mineralogy  in  the  University  of  Cambri^. 

1888.  Robert  Ludwig  Mond,  M.A.,  F.R.S.  E.,  f  .G.S. 

1888  (took  Tripos).    Marie  Wilman,  South  African  Museum,  Cape  Town. 

1889.  8.  F.  Dufton,  M.A.,  H.M.  Inspector  of  Schools. 

1889.    Professor  T.  T.  Groom,  M.A.,  D.Sc.  Lend.,  F.G.S.,  University  College, 

Reading. 
1889.    C.  H.  Hawes,  M.A.,  traveller  and  author. 
1889.    Professor  S.  H.  Reynolds,  M.A.,  F.G.S.,  Professor  of  Geology,  University 

College,  Bristol. 

1889.  Herbert  Warington  Smyth,  M.A.,  LL.M.,  F.G.S.,  Secretary  to  the  Mines 

Department,  Transvaal. 
1890  (Classical  Tripos,  1st  Class).    C.  B.  Wedd,  B.A.,  F.G.S.,  Geol.  Survey  of 
England  and  Wales. 

1890.  H.  Woods,  M.A.,  F.G.S.,  University  Lecturer  in  PalaBozoology,  Cambridge. 

1891.  Harry  Brownsword,  M.A.,  The  I^ys  School,  Cambridge. 

1891.    H.  ;^}Tiaston,  B.A.,  F.G.S.,  Director  of  the  Geol.  Survey  of  the  Transvaal 

Colony,  Pretoria. 
1891.    E.  A.  Meters,  B.A.,  M.D. 

1891.  F.  R.  Cowper  Reed,  M.A.,  F.G.S.,  Assistant  to  the  Woodwardian  Professor. 

1892.  L.  J.  Spencer,  M.A.,  F.G.S.,  Department  of  Mineralogy,  British  Museum 

(Nat.  Hist.^. 

1593.  F.  L.  Kitchin,  M.A.,  Ph.D.,  F.G.S.,  Palaeontologist  to  Geol.  Survey  of 

Great  Britain. 

1594.  A.  W.  Rogers,  M.A.,  F.G.S.,  Director  of  the  Geol.  Survey  of  Cape  Colony. 
1894-5.     Miss  Gertrude  L.  Elles,  D.Sc,  Assistant  to  the  Woodwardian  Professor; 

Newnham  College. 
1805.     R.  Hawthorn  Kitson,  B.A.,  F.G.S.,  Leeds. 

1895.  Miss  Ethel  M.  R.  Wood,  M.Sc,  Birmingham  University  ;  Newnham  Coll. 

1896.  E.   H.   Cunningham  -  Craig,    B.A.,    F.G.S.,    Geol.    Survey   of    Scotland 

(temporarily  of  Trinidad) . 

1897.  H.  II.  Thomas  M.A.,  F.G.S.,  Geol.  Survey  of  England. 

1897.  11.  Stjinley  Jevons,  B.A.,  F.G.S.,  University  Colle^^e,  Cardiff. 

1898.  E.  A.  Xt^vell  Arber,  M.A.,   Demonstrator  in   Paliuobotany,  Geol.  Mus., 

Cambridi^e. 

1900.  W.   G.    Feamsides,    M.A.,    F.G.S.,   Fellow    of    Sidney   Su-^sex    College, 

A.-i-^istant  Demonstrator,  Geol.  Mus.,  Cambridge. 

1901.  H.  T.  Ferrar,  M.A.,  F.G.S.,  Antarctic  explorer  on  "Discovery"  ;   Survey 

of  Egyyt. 
1901.     K.  A.  K.  Ilallowes,  B.A.,  AssocR.S.M.,  F.G.S.,  Geol.  Survey  of  India. 

1901.  H.  B.  Muff,  B.A.,  F.G.S.,  Geol.  Survey  of  Scotland. 

1902.  E.  B.  Bailey,  B.A.,  F.G.S.,  Geol.  Survey  of  Scotland. 

1902.  R.  II.  Rastall,  B.A.,  F.G.S.,  Assistant  Demonstrator,  Geol.  Mus.,  Cambridge. 

F.  B.  Smith,  B.A.,  Agricultural  College,  Africa. 

L.  W.  Ilinxman,  B.A.,  Geological  Survey  of  Scotland. 

G.  W.  Grabhara,  B.A.,  F.G.S.,  Geol.  Survey  of  England. 

Owen  Thomas  Jones,  B.A.,  Geol.  Survey  of  England* 
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The  finftt  man  who  joined  Professor  Hughes'  teaching  staff,  \tj 
speoial  invitation,  was  the  well-known  geologist  Mr.  Edward  B» 
Tawney.     He  was  not  a  graduate  of  the  University  in  the  ordinary 
sense  of  the  term,  having  taken  his  honours  and  his  training  at  the 
Boyal  School  of  Mines  and    elsewhere.     He    became    Professor 
Hughes'  earliest  assistant  in  1878.     In  the  Academic  year  following 
the   University  conferred  on  him  the  honorary   degree  of  MX 
(propter  merita),  but  he  did  not  long  survive  to  carry  on  the  splen^d 
worK  of  teaching.     He  died  in  1882  at  the  comparatively  early  age 
of  42 ;  but  he  accomplished  much  good  work  in  his  lifetime,  as  may 
be  seen  by  reference  to  hb  published  papers.^     Another  excellent 
teacher,  T.  Roberts,  M.A.,  followed  in  1883,  and  continued  until 
his  death  in  1892,  having  taken  up  more  especially  the  Jurasrio- 
rocks  as  his  line  of  research.     Dr.  J.  E.  Marr,  M.A.,  F.R.S.,  Pres. 
Geol.  Soc.,  commenced  teaching  in  1879,  dealing  specially  with  the* 
older  rocks,  and  is  ''Reader  in   Oeology"  in  the  University  of 
Oambridge,     Mr.  Alfred  Harker,  M.A.,  F.R.S.,  has  also  done  muoh 
valuable  work  in  advancing  the  study  of  petrology,  and  in  teaching 
the  nature  of  rock-structures,  more  especially  of  the  igneous  rooks. 
Mr.  Henry  Woods,  M.A.,  F.G.S.,  Lecturer  on  Palssozoology,  deals 
with  a  branch  of  study  pursued  also  by  Mr.  F.  R.  Cowper  Reed, 
M.A.,  F.O.S. ;  the  latter  also  takes  an  earnest  and  active  part  in  the 
Museum  arrangements.    Miss  G.  L.  Elles,  D.Sc,  has  likewise  assisted 
the  Professor  of  Geology  as  a  demonstrator  to  his  classes. 

With  such  advantages  afforded  them,  what  wonder  then,  if  Che 
geologists  who  leave  the  Cambridge  University  are  so  well  equipped 
that  they  now  mostly  occupy  leading  positions  in  Museums,  upoi> 
Geological  Surveys,  and  in  the  teaching  of  the  science,  not  only  at 
home  but  in  India  and  in  our  Colonies.     Nor  must  it  be  forgotten 
(if  we   except  the  Ashmolean    Museum,    opened    in    1683)    that 
Cambridge  had  its  splendid  Woodwardian  Museum  from  an  earlier 
date  even  than  the  sister  University  of  Oxford,  although,  till  late» 
far  too  "  cabin'd,   cribb'd,   and   confin'd "   for   want    of  adequate 
exhibition  space.     In  1835  it  was  decided  by  the  University  to  build 
a  museum  for  geology;  and  the  popularity  of  Professor  Sedgwicdc 
was  so  great  that  a  sum  of  £23,400  was  readily  collected  by  publia 
subscription,  to  which  was  added  £4,000  from  the  Woodwardian 
Trust  Funds.     Cockereirs  Building  was  erected  with  the  help  of 
these  funds,  and  to  the  geological  collection  the  two  lower  floors- 
were  assigned.      But  this    accommodation,   owing    to    the    large- 
aooessions  made  to  the  geological  collections,  had  been  obviously 
inadequate  for  many  years  past. 

On  the  death  of  Professor  Sedgwick  in  1873,  it  was  decided  that 
the  memorial  to  him  should  take  the  form  of  a  new  and  larger 
Miiseum ;  and  in  that  year  a  public  subscription  was  opened  for  Ihifr 
purpose,  and  a  sum  raised  which  ultimately  amounted  to  over 
£28,000.  The  public  recognition  of  the  value  of  geology  as  a  sabjeoi 
for  University  teaching  in  Cambridge  has  thus  been  demonstrated, 

.^  GioL.  Mao.,  1883,  pp.  140-144. 
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upon  two  oocasions,  in  a  very  sabstantial  manner.  A  writer  at  the 
tune^  says :— "  After  a  long  series  of  disappointments  and  difficulties 
the  indefatigable  energy  and  perseverance  of  Professor  Sedgwick's 
snccessor.  Professor  T.  McKenny  Hughes,  have  triumphed  over  the 
countless  obstacles  which  hindered  the  realisation  of  the  scheme.  •  .  . 
The  Architect  of  the  building  is  Mr.  T.  O.  Jackson,  B.A.,  and  he 
has  had  the  difficult  task  of  designing  a  museum  which  should 
satisfy  the  needs  of  the  Geological  Department  and  the  requirements 
of  the  various  University  syndicates.  .  .  .  Whatever  may  be 
the  opinion  of  these  bodies,  the  sta£f  and  students  have  good  reason 
to  be  well  pleased  with  the  ample  accommodation  provided  for 
them,  and  the  collections  are  now  adequately  exhibited  in  the  new 
galleries.  Besearch  and  other  laboratories  are  provided,  and  the 
principal  lecture-room  is  capable  of  accommodating  a  class  of 
120  students.  Midway  between  the  galleries  for  Palaeozoic  and 
Neosoio  fossils  stands  the  bronze  statue  of  Professor  Sedgwick,  with 
his  geological  hammer  in  ooe  hand  and  a  slab  bearing  the  Cambrian 
Trilobite  Angelina  Sedgwichii  in  the  other.'' 

One  who  graduated  more  than  fifty  years  ago,  and  knew 
the  old  Museum  in  Sedgwick's  lifetime,  strolled  into  the  new 
building  in  Downing  Street,  Cambridge,  the  other  day,  and,  seeing 
the  glories  of  the  Museum  for  the  first  time,  was  heard  to  exclaim : 
**  How  different  all  this  is  from  what  it  was  in  my  time  I  How 
I  envy  the  students  and  the  teachers  who  are  privileged  to  study 
and  work  at  geology  under  such  favourable  conditions  as  they  now 
enjoy  !     1  should  like  to  have  my  time  over  again  in  1906." 

Remembering  the  removal  of  the  geological  collections  of  the 
British  Museum  from  Bloomsbury  to  South  Kensington  in  1880,  the 
writer  can  well  understand  the  enormous  difficulties  which  Professor 
Hughes  must  have  encountered,  with  only  a  very  small  staff  at  his 
command,  in  carrying  out  the  task  of  removing  the  Woodwardian 
collections  from  the  old  building  into  their  new  home,  and  their 
subsequent  rearrangement. 

But  we  must  not  dwell  too  long  upon  the  ''Sedgwick  Memorial 
Museum,"  save  to  refer  to  it  as  one  of  the  great  and  important 
objects  carried  out  by  Professor  Hughes  in  connection  with  the 
teaching  of  geology  in  the  University  during  his  term  of  office. 

After  the  death  of  the  Rev.  Canon  Charles  Eingsley,  the  founder 
and  President  of  the  Chester  Society  of  Natural  Science,  in  1875, 
Professor  T.  McKenny  Hughes  was  elected  his  successor,  and 
delivered  several  addresses  to  its  members  during  his  term  of  office. 
He  received  the  "Eingsley  Memorial  Medal," established  in  memory 
of  Charles  Eingsley  by  the  Chester  Naturalists.  Professor  Hughes 
was  likewise  President  of  the  Eendal  Literary  and  Scientific  Society. 

While  devoting  his  energies  so  largel}'  to  the  work  of  the 
University,  Professor  Hughes  continued  to  carry  on  field-work  in 
Tarious  parts  of  the  country,  notably  in  Wales,  both  among  the  more 
ancient  rocks  and  among  the  caves  and  Drift  deposits.     The  list  of 

^  Obol.  Mao«,  1903,  pp.  532-534. 
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papers  appended  to  this  memoir  will  sufficiently  indicate  these 
labours,  but  we  may  recall  attention  to  one  subject  that  has  sinoe 
attracted  a  good  deal  of  notice. 

In  his  paper  "On  the  Brecciated  Bed  in  the  Dimetian  at 
St.  Davids"  (Geol.  Mag.,  1883,  p.  306),  he  discussed  the  origin  ai 
certain  breccias  and  brecciated  conglomerates  in  homogeneous  lodkB, 
and  the  breaking  up  and  recementing  of-  rock-masses  in  place.  Hie 
gave  a  diagram  of  a  brecciated  granitoid  rock  near  Bryogam, 
composed  of  large  and  small  subangular  fragments,  and  this  bed 
(which  would  now  be  spoken  of  as  a  "  crush  conglomerate ")  was 
described  as  "  not  of  transport  origin,  but  represents  brecciation  in 
place  and  subsequent  weathering  along  the  joint  planes." 

In  February,  1891,  Sir  Archibald  Geikie,  F.R.S..  the  President  of 
the  Geological  Society,  announced  that  the  Lyell  Medal  had  been 
awarded  by  the  Council  to  Professor  T.  McKenny  Hughes,  in 
appreciation  of  the  value  of  his  investigations  in  various  departments 
of  geology,  especially  among  the  older  rocks.  He  referred  particularly 
to  Professor  Hughes'  researches  in  Caernarvonshire  and  Anglesey, 
which  formed  the  starting-point  to  those  later  inquiries  which  bad 
done  so  much  to  clear  up  the  earlier  chapters  in  the  geologioal 
history  of  Wales.  *'  You  have,"  said  the  President,  ''  not  confined 
yourself,  however,  to  the  rocks  of  any  one  system  or  period,  but  have 
ranged  freely  from  Archaean  gneiss  to  raised  beach  ....  with 
that  happy  faculty  of  enthusiasm  which,  reacting  on  younger  minds, 
'  allures  to  older  worlds  and  leads  the  way.'  This  medal  will  not 
only  serve  to  mark  the  Society's  appreciation  of  your  work,  but  will 
also  connect  you  by  another  link  with  the  memory  of  our  friend  and 
master,  Lyell." 

Professor  Hughes  was  elected  a  Fellow  of  the  Geological  Society 
in  1862  and  a  Fellow  of  the  Royal  Society  in  1889. 

At  the  meeting  of  the  International  Geological  Congress  held  in 
Paris  in  1878,  Professor  Hughes  was  appointed  a  member  of  the 
Commission  for  the  unification  of  geological  signs  and  geologioal 
nomenclature  and  classification.  He  was  chosen  President  of  the 
British  Committee  of  Organisation  to  deal  with  the  subjects  of 
classification  and  nomenclature.  Five  sub-committees  were  formed 
and  their  reports  were  issued  in  1885,  and  revised  and  amplified  in 
a  second  edition  in  1888.  To  the  latter  Professor  Hughes  contributed 
an  interesting  and  philosophic  preface  on  the  rules  which  should 
guide  us  in  our  classification  of  strata,  and  in  our  descriptions  of 
rocks,  fossils,  and  geological  sections. 

Professor  Hughes  continued  to  attend  the  meetings  of  the  Congress 
up  to  that  at  Zurich  in  1894. 

On  the  completion  of  the  25th  year  of  his  Professorship,  he 
was  entertained  by  his  friends  at  a  public  dinner  in  London, 
February  26th,  1898,  when  he  was  presented  with  an  illuminated 
address  by  his  students  and  fellow- workers  congratulating  him  npon 
the  success  of  the  Cambridge  School  of  Geology  under  his  charge. 

Professor  Hughes  married,  November  28tb,  1882,  Mary  Caroline, 
daughter  of  the  Bev^  George  F.  Weston,  Honorary  Canon  of  Carlisle 
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Gaihedral.  Mrs.  Hughes  inherits  the  artistic  skill  of  her  father  and 
mother ;  she  is  a  good  lingnist  and  has  extensive  scientific  knowledge, 
but  she  devotes  herself  now  entirely  to  her  husband's  pursuits.  She  is 
a  keen  geologist,  and,  in  the  field  on  geological  excursions,  her 
presence  is  greatly  appreciated. 

The  writer  recalls  a  delightful  excursion  some  years  ago  to  the 
Wrekin,  led  by  Professor  Lapworth,  in  which  Professor  and 
Mrs.  McKenny  Hughes  took  part,  and  he  remembers  seeing  the 
three  happily  engaged  hammering  at  a  block  of  Holly  bush  sandstone, 
from  which  Mrs.  Hughes,  with  her  own  hammer,  extracted  some  good 
remains  of  Olenellua,  to  the  joy  of  the  party. 

In  the  far  western  wilds  of  America,  when  their  commissariat 
broke  down,  Mrs.  Hughes  cooked  for  a  party  of  17,  and  was 
described  by  one  of  the  speakers  at  the  closing  meeting  as  ''  un 
vrai  rayon  de  soleil  dans  nos  miseres." 

In  Russia,  after  announcing  Mrs.  Hughes'  arrival,  the  Report 
(Comptes  Rendus,  p.  cclxxxii)  adds,  ''depuis  le  charme  de  notre 
societ^." 

She  was  the  only  lady  member  of  the  Reichstag  at  Berlin  when 
old  Von  Dechen  began  his  Presidential  address  *'  Madame  et 
Messieurs." 

Mrs.  Hughes  worked  long  and  diligently  at  the  Pleistocene 
deposits  in  the  neighbourhood  of  Cambridge,  and  published  an 
excellent  paper  thereon  in  the  Geologioal  Magazine  for  May,  1888 
(pp.  193-207,  illustrated  by  five  sections).  She  also  gave  a  very 
exhaustive  list  of  the  molluscan  and. other  fossil  remains  found  in 
the  gravels  and  brickearth. 

Professor  and  Mrs.  Hughes  have  a  family  of  three  sons :  the 
eldest  is  a  B.A.  of  Cambridge,  and  is  studying  to  become  an 
architect ;  the  second  son  goes  up  next  October ;  the  third  is  still 
a  schoolboy,  but  will,  if  he  does  not  change  his  mind,  take  up 
geology. 

Professor  Hughes  has  always  been  a  keen  student  of  archaeology 
(as  may  be  seen  from  his  list  of  published  papers),  and  has  served 
the  office  of  President  of  the  Cambridge  Antiquarian  Society. 
He  takes  an  active  part  in  agricultural  organisations,  and  has  for 
the  past  two  years  been  President  of  the  Cambridge  and  Isle  of  Ely 
Chamber  of  Agriculture.  A  good  hall  on  the  ground  floor  of  the 
new  Museum  is  allotted  to  Economic  Geology,  and  a  collection 
illustrative  of  this  branch  is  being  formed  after  the  plan  of 
De  la  Beche's  Museum,  now  unhappily  removed  from  Jermyn  Street. 

In  looking  back  for  half  a  century  of  our  geological  life,  and 
recalling  the  long  line  of  familiar  faces,  especially  of  those  who  in 
the  days  of  our  novitiate  occupied  the  front  rank,  one  is  conscious 
of  the  changes  which  the  fleeting  years  have  wrought.  Sir  Archibald 
Geikie,  addressing  his  friend  Professor  Hughes  at  the  Geological 
Society  in  1891,  recalled  the  days  of  their  early  friendship,  now 
faded  so  far  into  the  dim  past  of  life,  when,  as  colleagues  on  the 
Geological  Survey,  they  attended  together  the  meetings  of  the 
Geological  Society  in  Somerset  House,  taking  seats  on  a  back  row, 
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and  gazing  down  upon  the  magnates  of  the  science  seated  beneatL 
"  Little,"  said  he,  ''  did  either  of  us  dream  that  the  whirligig  of  time 
would  eventually  place  us  where  we  find  ourselyes  to-day." 

Sir  Archibald  Gfeikie,  although  retired  and  no  longer  the  offieial 
head  of  the  Survey,  occupies  the  important  post  of  one  of  the 
Secretaries  to  the  Boyal  Society,  and  is  still  full  of  energy  and  work. 
Professor  T.  McEenny  Hughes  carries  on  the  duties  of  the  Ohair 
of  Geology,  and  maintains  active  interest  in  all  scientific  matters 
oonnected  with  the  University,  more  especially  whatever  oonoems- 
his  beloved  ''  Sedgwick  Memorial  Museum,"  which  is  naturally  his 
joy  and  crown  of  rejoicing  for  life,  and  the  outward  and  visible  sign, 
of  the  high  place  which  geology,  palseontology,  and  petrology  holdl^ 
in  Oambridge. 

The   following  is  a  list  of   Professor  T«    McEenny    Hughea*^ 
published  papers  and  memoirs  : — 

1866.  ''Note  on  the  Silurian  Rocks  of  Casterton  Low  Fell,  Eirkby  LoiwdtW^ 

Westmoreland  " :   Gbol.  Mao.,  Vol.  Ill,  pp.  206-208  (with  a  seetion)  ^ 
„        ''Note  on  the  Junction  of  the  Thanet  Sand  and  tne  Chalk,  and  of  the  Sand" 
gate  Beds  and  Kentish  Rag  ^' :    Quart.  Joum.  Geol.  Soc,  toL  xxii  ^ 
pp.  402-404. 

1867.  ''  On  the  Break  between  the  Upper  and  Lower  Silurian  Rocks  of  the  LaL^ 

District,  as  seen  between  Eirkby  Lonsdale  and  Malham,  near  Settle  **  ^ 
Geol.  Mao.,  Vol.  IV,  pp.  346-356  (4  sections). 
„        "  Notes  on  the  Geology  of  rarts  of  Yorkshire  and  Westmoreland  " :  Geol » 
Polytechnic  Soc.  W.  Riding  Yorks  (read  July  17,  1867). 

1868.  <'  On  Flint  Implements  "  :   Soc.  Antiq.  Lond.,  vol.  iv  (Marcli  19),  p.  95  ^ 

Geological  and  Natural  History  Repertory,  No.  34,  p.  126. 
„        *'  On  the  Two  Plains  of  Hertforashire  and  their  GrayelB*' :   Qoari.  Joum- 

Geol.  Soc,  vol.  xxiv,  pp.  283-287  (with  2  sections). 
1872.     "  Man  in  the  Crag  "  :   Geol.  Mag.,  Vol.  IX,  pp.  247-250  (with  3  wood- 
cuts in  the  text). 
„        Mem.  Geol.  Survey:    Explanation  of  Quarter  Sheet  98  S.E.,  illustraiiDg 

<*  The  Geology  of  the  Neighbourhood  of  Eirkby  Lonsdale  and  EendaL" 
„        Mem.  Geol.  Surrey:  Explanation  of  Quarter  Sheet  98  N.E.,  **  The  Gedogy 

of  the  Country  aroimd  Eendal,  Sedbergh,  Bowness,  and  Tebay." 
„        Mem.  Geol.  Survey :  parts  of  **  The  Geology  of  the  London  Basin.'* 
1873-4.    (Hughes  &  Rev.  D.  R.  Thomas.)    **  On  the  Occurrence  of  Fdstone 

Implements  of  the  Le  Moustier  type  in  Pontnewydd  Cave  *' :  Joum. 

Anth.  Inst.,  vol.  iii  (1874),  pp.  387-392. 
1874.     ** Exploration  of  Cave  Ha,  near  Giggleswick,  Settle,  Yorkshire":  Joum. 

Anth.  Inst.,  vol.  iii,  pp.  383-387. 

1876.  "  Notes  on  the  Classification  of  the  Sedimentary  Rocks  "  :  Rep.  Brit.  Aasoc. 

for  1875,  Trans.  Sects.,  pp.  70-73. 
„        "  Geological  Measures  of  Time  *' :   Roy.  Inst.  Gt.  Brit.,  Lecture,  March  24 

(Proc,  vol.  viii,  pp.  129-136). 
„        <'0n  a  Series  of  Specimens  illustrating  the  Formation,  Weathering,  and 

Fracture  of  Flint,"  with  note  by  Professor  Stuart ;  Proc.  Camb.  Phfl. 

Soc.,  vol.  iii,  pt.  1,  p.  12. 
,,        *'  On  the  Evidence  for  Preglacial  Man  '* :  Proc.  Camb.  Phil.  Soc.,  vol.  lii^ 

pt.  1,  pp.  16,  17. 

1877.  *'  Antiquity  of  Man :  the  Evidence  afforded  by  the  Gravels  and  Briokearth  *' : 

Joum.  Anth.  Inst.  (November). 
„        ''On  the  Silurian  Grits  of  Corwen,  North  Wales":   Quart.  Jonm.  Geol. 


Soc.,  vol.  xxxiii,  pp.  207-212  (with  2  sections). 
1878.     «0n  the  Pre-Cambnan  Rocks  of  Bangor":   Quart. 


Joum.  Geol.  Soc.,. 
voL  xxxiv,  pp.  137-146  ^with  a  section). 
„        '<0n  the  Base  of  the  Silurian  System'*:  Proc.  Camb.  Phil.  Soc.,  toL  iii, 
p.  67. 
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"  On  the  Btse  of  the  Cftmbrian  Rooks  in  North  Wales  " :  Proc.  Camb.  Phil. 

Soc.,  Tol.  iii,  p.  89. 
"  On  the  Belation  of  the  Appearance  and  Duration  of  the  Tarions  Forms  uf 

life  upon  the  Earth  to  the  Bre^  in  the  Continuity  of  the  Sedimentary 

Strata":  Proc.  Camb.  Phil.  Soc.,  vol.  iii,  pt.  6,  pp.  247-258. 
**  Farther  obserrations  on  the  Pre-Cambrian  Rooks  of  Uaemarvon  " :  Quart. 

Joum.  Geol.  Soe.,  vol.  xzxr,  pp.  682-693  (10  sections  in  text  and 

folding  plate  xxxri). 
'* On  the  Silurian  Rocks  of  the  Valley  of  the  Clwvd"  :  Quart.  Joum.  Geol. 

Soc.,  Tol.  xxxr,  pp.  694-698  (2  page  sections}. 
"The  Present  State  of  the  Eridence  bearing  upon  the  question  of  the 

Antiquity  of  Man" :   Joum.  Trans.  Vict,  uist.,  toI.  xiii,  pp.  316-327. 
«  On  the  Transport  of  fine  Mud  and  Vegetable  Matter  by  Conferra  " :  Proc. 

Camb.  Phil.  Soc,  toI.  iii,  pp.  339-341. 
<*0n  the  Geology  of   Anglesey"   (No.   1):    Quart.   Joum.   Geol.   Soc., 

vol.  xxxvi,  pp.  237-240. 
"On  the  Altered  Rocks  of  Anglesea**:  Proc.  Camb.  Phil.  Soc.,  vol.  iii, 

pt  8,  pp.  341-348. 
<*0n  the  Uae  Scynan  Boulder":    Ninth  Rep.  Brit.  Assoc.  Committee  on 

Erratic  Blocks  (1882) ;   Proc.  Camb.  Phil.  See.,  vol.  iu  (1880),  p.  89. 
'*  On  the  evidence  of  the  later  movements  of  Elevation  and  Depression  in  the 

British  Isles" :  Joum.  Trwns.  Vict.  Inst.,  vol.  xiv,  pp.  248-262. 
"Notes  on  Italy,  and  what  she  is  doing  for  Science":   Chester  Soo.  Nat. 

Sd. ;   Chester  Guardian,  Nov.  5. 
"On  the  Basement  Beds  of  the  Cambrian  of  Anglesey":    Gbol.  Mao., 

Dec.  II,  Vol.  VIII,  PI).  333-334. 
Professor  Hughes  communicated  (Nov.  16)  to  the  Geological  Society  a  state- 
ment of  the  results  of  the  International  Geological  Congress  at  bologna : 

Proc.  Geol.  Soc.,  pp.  2-4  ;   Quart.  Joum.  Geol.  Soc.,  vol.  xxxviii. 
**0n  the  Geology  of    Anglesey"   (No.   2):     Quart.  Joum.   Geol.   Soc., 

vol.  xxxviii,  pp.  16-28  ^th  4  sections  in  text). 
"On  the  Lower  Cambrian  of  Anglesea":   Rep.  Brit.  Assoc,  for  1881, 

pp.  643,  644. 
"  On  the  Gnarled  Series  of  Amlwch  and  Holyhead  in  Anglesea  " :   Rep.  Brit. 

Assoc.,  p.  644. 
"Excursion  of  the  Geologists'  Awociation  to  Bangor,  Snowdon,  Holyhead, 

etc." :    Proc.  Geol.  Assoc.,  vol.  viii,  No.  4,  pp.  195-207. 
Biographical  Notice  of  Adam  Sedgwick :    Proc.  Yorks.  Geol.  Polytechnic 

Soc.  (November). 
"On  the  Brecciateu  Bed  in  the  Dimetian  at  St.  Davids":    Geol.  Mag., 

Dec.  II,  Vol.  X,  pp.  306-309  (with  a  woodcut). 
"  On  some  Fossils  supposed  to  have  been  found  in  the  Pleistocene  Gravels  of 

Bamwell,  near  Cambridge  ** :   Geol.  Mag.,  Dec.  II,  Vol.  X,  pp.  454-45G 

(and  list  of  Mollusca). 
The  International  Geological  Congress  at  Berlin  (postponed):  Geol.  Mao., 

Dec.  Ill,  Vol.  I,  p.  432. 
"On  the  so-called  Spongia  paradoxieay  S.  "Woodw.  (1830),  from  the  Red 

and  White  Chalk  of  Hunstanton":    Quart.  Joum.  Geol.  Soc,  vol.  xl, 

pp.  273-279. 
"  On  some  Tracks  of  Terrestrial  and  Freshwater  Animals  " :  Quart.  Journ. 

Geol.  Soc.,  vol.  xl,  pp.  178-186  (plates  viii-xi). 
"  On  the  supposed  Roman  Camp  at  Whitley,  near  Alston,  and  on  the  Maiden 

Way  as  aKoman  Road":  Proc.  Camb.  Antiq.  Soc,  vol.  vi  (Nov.  10),  p.  41. 
"Notes  on  the  Geology  of  the  Vale  of  Clwyd":    Proc.  Chester  Soc.  Nat. 

Sci.,  No.  3  (8  plates) ;  Geol.  Mao.,  Dec.  Ill,  Vol.  Ill  (1886),  p.  89. 
"On  some  Perched  Blocks  and  Associated  Phenomena":    Quart.  Joum. 

Geol.  Soc,  vol.  xlii,  pp.  627-639  (with  6  illustrations  in  the  text). 
"On  the   Ffynon   Beuno  Caves'*:    Gbol.    Mag.,   Dec   III,  Vol.   Ill, 

pp.  489-492. 
"  On  the  Silurian  Rocks  of  North  Wales" :   Rep.  Brit.  Assoc.  Birmingham, 

Sect.  C  (Geology) ;  Gbol.  Mao.,  Dec.  Ill,  Vol.  Ill,  p.  609. 
"  Notes  on  some  Sections  in  the  Arenig  Series  of  North  Wales  and  the  Lake 

District":   op.  cit.  /  Geol,  Mao.,  op.  cit.,  p.  509. 
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1886.    <*  On  the  Pleistocene  Deposits  of  the  Vale  of  Clwyd":  op.  dt. ;  GsoL.MAa., 
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op.  cit.,  pp.  509-510. 
'*  Caves  and  Cave  Deposits" :  Proc.  Chester  Soc.  Nat.  Sd.  and  Lit.,  pi.  i^ 

(1893),  p.  161. 
1887.     **  On  Caves '» :  Joum.  Trans.  Vict.  Inst.  (Feb.  21). 

*'0n  the  Ancient  Earthworks  between  the  Mouth  of  the  Tyne  and  th9 

Solway  *' :  Proc.  Camb.  Antiq.  Soc,  vol.  vi,  p.  355  ;  vol.  ix  (1895),  p.  172* 
"  On  the  Drifts  of  the  Vole  of  Clwyd  and  their  relation  to  the  Cares  and 

Cave-Deposifcj " :    Quart.  Joum.   Geol.   Soc,    vol.  xliii,  pp.   78-120 

(double  plate  ix  and  4  figures  in  text). 
"  On  the  Ancient  Beach  and  Boulders  near  Braunton  and  Croyde,  in  Xortii. 

Devon":   Quart.  Joum.  Geol.  Soc,  vol.  xliii,  pp.  657-670  (with  S 

text- figures). 
*'  On  some  Brecciatcd  Rock  in  the  Archaean  of  Malvem'':   Qbol.  Mac^ 

Dec  III,  Vol.  IV,  pp.  500-503  (with  a  woodcut). 
**  Bursting  Rock-Surfaces" :    Geol.  Mao.,  loc  dt.,  pp.  511-512  (with. 

a  figure  in  text). 
1S88.     *'0n  the  Position  of  the  Obermittweida  Conglomerate'*:  Quart.  Joum. 

Geol.  Soc,  vol.  xliv,  pp.  20-24  (with  a  section  in  text). 
,,        **  On  the  Cae  Gwvn  Cave  ** :  Quart.  Journ.  Geol.  Soc,  vol.  xliv,  pp.  112-137 

(with  8  text-ulustrations^. 

1889.  **  Note  on  the  I^wer  Cambnan  of  Bethesda,  North  Wales  '* :   Geol.  Mao.^ 
Dec.  in,  Vol.  VI,  pp.  8-15  (with  4  text-figures]  ;  also  p.  96. 

'^  On  some  Antiquities  found  near  Ilanxton,  Cambridgeshire  ' :  Proc.  Camh. 

Antiq.  Soc,  vol.  \u  (May  13),  p.  24. 
*'  On  Cuts  on  Bone  as  evidence  of  Man's  Existence  in  Remote  Ages  " :  Joum. 

Trans.  Vict.  Inst.  (May  6). 
**  On  the  Manner  of  Occurrence  of  Beckite,  and  its  bearing  upon  the  Origin 

of  Siliceous  Beds  of  Palaeozoic  Age*' :  Min.  Mag.,  vol.  viii,  No.  40, 

p.  265. 

1890.  "  The  Life  and  Letters  of  the  Reverend  Adam  Sedgwick.*'    2  toIs.    By 

J.  W.  Clark  &  T.  McK.  Hughes.    8vo.    Cambridge. 
1892.     *'  On  the  Recent  Discovery'  of  two  Ancient  Ditches  and  Objects  of  Mediaeval 

Duto  between  Ilobson  Street  and  Sidney  Street,  Cambridge":    Proc. 

Camb.  Anti^.  Soc,  vol.  viii,  p.  32. 
1803.     **  On  some  Ancient  Ditches  and  Meditcval  Remains  found  in  the  courae  of 

Recent  Excavations  near  the  Pitt  Press":  Proc.  Camb.  Antiq.  Soc, 

vol.  viii  (Oct.  23),  p.  255. 
*'  On  Offa's  Dyke  '* :  Archicologia,  vol.  liii ;  Proc.  Camb.  Antiq.  Soc,  vol.  vii, 

p.  200. 
**  On  the  Castle  Hill,  Cambridge  '* :  Proc  Camb.  Antiq.  Soc,  vol.  viii,  p.  173. 
** Criticism  of  the  Geological  Evidence  for  the  Recurrence  of  Ice  Ages": 

Pt.  i,  *  Condition  of  the  Surface  of  the  Boulders  and  of  the  Solid  Kock ' 

(p.  98) ;  Pt.  li,  *  The  Mode  of  Transport  of  the  Boulders  and  other  Drift' 

(p.  219^ ;  Pt.  iii,  *  The  Evidence  as  to  the  Extent  of  Earth  Movements, 

and  their  Relation  to  Glacial  Phenomena  *  (p.  224) ;  Pt.  iv,  *  Summing-up.' 
"  On  the  Camp  at  Ardoch  in  Perthshire  *' :  Proc  Camb.  Antiq.  Soc,  voL  viii ; 

Archffiologia,  vol.  liv,  pp.  267-372. 
1896.     "  On  the  more  important  breeds  of  Cattle  which  have  been  recognized  in  the 

British  Isles  in  successive  periods,  and  their  relation  to  other  archaeological 

and  historical  discoveries  ** :   Archo^ologia,  vol.  Iv,  pp.  125-158. 
Opening  Address  to  the  Antic}uarian  Section  of  the  Archseological  Institute  at 

Canterbury,  with  discussion  of  *  Eoliths,*  etc.:   Arch.  Joum.,  vol.  liii 

(September),  p.  249. 
**  On  some  Chipped  Flints  from  the  Plateau- Gravel  of  Salisbury  and  elae- 

where" :   Iroc  Camb.  Phil.  Soc,  vol.  ix,  p.  120. 
I  SO  7.    *'  On  the  evidence  bearing  upon  the  early  history  of  man  which  is  derived 

from  the  form,  conditions  of  surface,  and  moae  of  occurrence  of  dressed 

flints  ** :  ^Vrch.  Joum.  (December),  vol.  liv. 
,,        ''The  Landing-place  of  St.  Augustine,**  being  Dissertation  III  in  *<The 

Mission  of  St.  Augustine  to  England,  according  to  the  original  documentsy" 

being  a  handbook  for  the  thirteenth  centenary.    Edited  oy  Arthur  James 

Mason,  D.D. 
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1897.  "On  some  Waxed  Tablets  said  to  hare  been   found   at   Cambridge": 

Archseologia,  toI.  Iv,  pp.  257-288 ;  Froc.  Camb.  Antiq.  Soc.,  vol.  viii, 
p.  41. 
,y      **  Further  Obserrations  on  the  Ditches  round  Ancient  Cambrid^,  with 
special  reference  to  the  adjoining  ground*':   Proc.  Camb.  Antiq.  Soc., 
Tol.  ix  (Feb.  1),  p.  370. 

1898.  "The  Bace  represented  in  the  Archaic  Statues  of  Athens**:    Cambridge^ 

Review  (April  28). 

1899.  "  On  Nationality  "  :  Joum.  Trans.  Vict.  Inst.  (May  1). 

I,  **  On  the  ArchaK>logy  and  the  Geography  of  the  Feniand  ** :  Journ.  Brit. 
Arch.  Assoc.  (December). 

1901.  "Marathon**:   The  Classical  Review,  vol.  xv,  No.  130  ;   translated  into- 

Modem  Greek  in  Panathenaia  ^Nov.  30),  p.  114. 
„  "  Amber'* :  Arch.  Joum.,  vol.  Iviii,  No.  229,  p.  35. 
„       *'  Soils,  and  Matters  relating  thereto  ** :    Joum.   Camb.  and  Isle  of  Ely 

Chamber  of  Agriculture  (Feb.  9). 
„       '*0n  the  Natural  Forms  which  have  suggested  some  of  the  commonest 

Implements  of  Stone,  Bone,  and  Wood.* 
1901-2.    "  Ingleborough,'*  Pt.  i :   Proc.  Yorks.  Geol.  Polyt.  Soc,  vol.  xiv,  p.  126 : 

Pt.  ii,  ib.,  p.  323. 

1902.  "  On  Ancient  Horse-shoes  '* :  Proc.  Camb.  Antiq.  Soc.,  vol.  x,  p.  249. 

„  "On  the  Remains  of  the  Dog,  Prehistoric,  Roman,  and  Mediaeval,  found 
near  Cambridge  '* :   Proc.  Camb.  Antiq.  Soc.,  vol.  x,  p.  254. 

„  "The  Early  Potters'  Art  in  Britain'*:  Arch.  Joum.,  vol.  lix,  No.  235, 
pp.  219-237. 

„  "  On  some  indications  of  a  Roman  Potter's  Field  near  Jesus  College,  Cam- 
bridge" :  Proc.  Camb.  Antiq.  Soc.,  vol.  x,  p.  194. 

t,  "On  the  Potter*s  Field  at  Homingsea,  with  a  Comparative  Notice  of  the 
Kilns  and  Furnaces  found  in  the  Neighbourhood '  :  Proc.  Camb.  Antiq. 
Soc.,  vol.  X,  p.  174. 

1903.  "  On  some  Buried  Buildings,  with  special  reference  to  Ilerculaneum  ":  Arch. 

Joum.,  vol.  Ix,  p.  256. 

1904.  "  The  War  Ditches  near  Cherrj'hinton,  Cambridge." 

1905.  "Arboriculture  on  large  and  small  Agricultural  Uoldings":  Joum.  Camb. 

and  Isle  of  Ely  Chamber  of  Agriculture  (Jan.  14). 

Professor  Hughes  has  been  a  frequent  contributor  to  Nature  and 
other  scientific  periodicals. 


IL — Further   Notes  on  the  Stratigraphy   and   Fauna  of  the 

Trimmingham  Chalk. 

By   R.    M.    Brydone,    F.G.S. 

(PLATES  II   AND  III.) 

THIS  paper  is  primarily  a  record  of  observations  made  at 
Trimmingham  since  those  recorded  in  a  pamphlet  entitled 
"The  Stratigraphy  and  Fauna  of  the  Trimmingham  Chalk."* 
But  as  the  Polyzoa  of  the  Trimmingham  Chalk  comprise  a  re- 
markably large  number  of  species  which  appear  to  be  at  present 
ondesoribed  and  are  very  characteristic  of  this  horizon,  I  have 
taken  this  opportunity  of  describing  some  of  the  most  prominent  of 
these  forms,  partly  in  the  hope  of  directing  the  attention  of  other 
collectors  to  their  range  and  partly  to  facilitate  the  classification 
of  the  very  large  quantity  of  material  I  have  accumulated.  I  have 
also  taken  this  opportunity  of  giving  a  list  of  species  from  the  Chalk 
between  Cromer  and  Weybourne. 

>  London :  printed  separately,  Dulau  &  Co.,  1900. 
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In  the  recently  published  memoir  of  the  G^lc^otl  Sanrej  a 
the  Upper  Chalk  of  England  Mr.  Jokes-Browne  has  eBtabliahe 
a  zone  of  Ostrea  luncUa  for  the  Trimmingham  Chalk.  It  is  deail 
desirable  that  a  formal  zone  should  be  so  created  now  that  the  fum 
is  known  to  be  so  distinctiye,  in  spite  of  the  present  impossibilit 
of  identifying  its  upper  or  lower  boundary,  but  the  ohoiae  I 
0.  lunata  as  a  zone-fossil,  though  natural,  is  unfortunate.  O.  Iwaal 
has  two  characteristics  of  an  ideal  zone- fossil  in  that  it  is,  as  &r  i 
we  know,  almost  confined  to  the  Trimmingham  Chalk,  and  that  i 
that  Chalk  zone  it  always  occurs  abundantly,  if  at  all.  But  it  M 
to  fulfil  the  most  important  requirement  for  a  good  zone-fossil  i 
that  it  is  not  distributed  all  through  its  so-called  zone.  There  ai 
at  least  ten,  and  probably  more,  distinct  horizons  occurring  in  fov 
sequences  at  different  points.  The  relations  of  the  members  of  eao 
sequence  to  one  another  are  quite  clear;  the  relations  of  tl 
sequences  to  one  another  are  at  present  doubtful  (except  that  3  J 
clearly  identical  with  part  of  4),  but  I  believe  that  series  1  is  Hi 
uppermost  and  series  4  the  lowest,  and  I  often  fancy  tiu 
series  2  is  composed  of  the  bottom  bed  of  series  1  and  the  uppc 
beds  of  series  3.  The  series  (in  descending  order  in  each  case 
is  as  follows: — 

1.  Grey  chalk  with  abundance  of  small  Ostrea  veticularit. 
White  chalk  with  0.  bmata, 

,,  without  0.  lunata. 

y^  with  0,  lunata. 

„  without  0.  lunata. 

Grey  chalk  with  0.  eanaUeulatay  0,  inaquicoitataf  Terebratula  ohaOf 
and  Stegatter, 

2.  Grey  chalk  with  0.  eanaUeulatay  0,  inaquieoetata,  T.  oibeuty  and  a  grit 

seam  or  bed  at  base. 
White  chalk  with  0.  lunata, 
,,  without  0,  lunata. 

3.  White  chalk  with  0.  lunata. 

,y  without  0.  lunata. 

Ilard  chalk,  weathering  very  lumpy. 

4.  White  chalk  with  0.  lunata, 

„  without  0.  lunata. 

Hard  chalk,  weathering  very  lumpy. 

White  chalk  very  much  mottled  by  grey  blue  streaks.  (It  has  only  just 
been  disclosed  below  ihe  hard  cnau,  and  I  cannot  yet  say  anything 
of  its  fauna  except  that  it  does  not  contain  0.  lunata.) 

Now  a  remarkable  thing  about  0.  lunata  is  that  it  ocom 
exclusively  (with  the  exception  of  one  specimen)  at  the  horizoi 
noted  as  characterised  by  it.  It  will  be  seen  that  there  are,  at  moa 
"five  of  these,  and  at  least  nine  without  0.  lunata.  It  is  true  thi 
the  horizons  with  0.  lunata  are  all  of  some  thickness,  and  owin 
to  the  vast  profusion  of  beautiful  specimens  of  this  very  strikin 
form  which  they  contain,  and  to  their  supplying  the  greater  pa: 
of  the  two  bluffs — the  only  chalk  always  accessible — they  figm 
Tery  prominently  in  one's  impressions  of  the  Trimmingham  Ohal 
as  a  whole.  But  it  is  safe  to  say  that  in  more  than  half  of  tl 
total  thickness  of  Chalk  exposed  0.  lunata  is  not  to  be  found,  an 
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this  withoat  reckoning  in  the  thickness  of  the  anomalous  northern 
part  of  the  south  bluff,  which  may  fairly  be  quoted  as  not  containing 
O.  /ttnato,  as  only  one  specimen  has  been  found  in  it,  and  that  very 
dwarfed.      But  there  are  fossils  which  do  occur  throughout  the 
Trimmingham   Chalk,  yet,  as  far  as  I  know,  are  confined  to  it, 
such  as  Terehraiulina  gracilis,  T,  Oisei,  Pentaerinus  Agassizi,  and 
P.  Branni,  to  take  well-marked  and  fairly  plentiful  forms.     There 
could  be  no  hesitation  in  selecting  as  the  zone-fossil  Terebratulinu 
gracilis  if  it  were  not  for  the  unfortunate  but  universal  misapplica- 
tion of  this  specific  name  to  the  characteristic  fossil  of  the  upper 
zone  of  the  Middle  Cbalk.    T.  Qisei,  considered  by  itself  as  a  possible 
xone-fossil,  is  too  small  to  be  found  with  certainty,  even  if  abundant, 
and  it  is  hardly  that.     But  T.  gracilis  is  such  an  ideal  zone-fossil 
that  I   propose  to   remove  the    objection  to  it  stated  above  by 
naming   the  Trimmingham  Chalk  **  zone  of  Terebratuiina  gracilis 
and  T.  Oisei,'*  or,  for  familiar  use,  "  zone  of  Terebratuiina,"  it  being 
understood   that   T.   Oisei  is   not  conclusive   when    occurring  by 
itself,  but  that  T.  gracilis  is.    Pentaerinus  Agassiti  and  P.  Browni 
ooald,  of  course,  be  used  to  characterise  a  **  zone  of  Pentaerinus,"  but 
that  would  create  great  difficulty  with  the  chalk  of  the  erratics 
between  Overstrand  and  Sidestrand,  a  part  of  the  cliff  which  is 
unfortunately  being  ruined  for  geological  observation  by  sloping 
and  path -making  operations.     Before  the  era  of  sloping  set  in  these 
erratics  were  about  ten  in  number,  and  all  (with  one  exception) 
lay  on  a  thick  bed  of  boulder-clay,  which  ran  with  great  regularity 
at  a  practically  unvarying  height  above  the  beach  from  the  Overstrand 
breakwater  to  the  grounds  of  the  new  hotel  at  Sidestrand.     My 
attention  was  first  drawn  to  these  erratics  by  Miss  Mary  Townsend, 
of  Oatlands   Park,   Weybridge,    who    happened   to   be    staying   at 
Overstrand  in  1896,  at  a  time  when  a  storm  had  swept  away  the 
sand  on  the  beach  and  exposed  a  great  number  of  chalk  boulders, 
no  doubt  all  that  had  fallen  from  above  for  some  years.      I  had 
then  just  become  keenly  interested   in   the  Chalk  of  the  Norfolk 
coast,  and  she,  being  aware  of  this,  picked  out  for  me  all  the  fossils 
she  could  with  a  penknife,  including  a  perfect  Micraster  cor-anguinum 
of  the  typical  Norwich  shape,  a  very  creditable  performance  for 
a  lady  with  no  previous  experience  ot  fossils  and  armed  only  with 
a  penknife.     I  have  on  several  occasions  been  able  to  add  to  this 
collection,  the  salient  points  of  which  are  the  presence  of  Bhynckonella 
Eeedensis,  which  occurs  freely  in  the  Cromer  Chalk  but  not  at  all  at 
Trimmingham,  and  the  abundance  of  a  Pentaerinus  which  is  neither 
Agassizi  nor  Bronni,  and  does  not  occur  either  at  Trimmingham  or 
in  the  Cromer  Chalk.     The  occurrence  of  a  Pentaerinus  is  a  strong 
link  to  the  Trimmingham  Chalk  with  its  abundance  of  Pentaerinus, 
and  this  association  is  strengthened  by  the  character  of  the  chalk 
itself,  which  is  often  white,  much  mottled  with  blue-grey  patches, 
just  like  so  much  of  the  white  chalk  at  Trimmingham,  and  it  is 
tempting  to  group  this  chalk  with  the  Trimmingham  Cbalk  rather 
than  with  the  Cromer  Chalk.     At  the  same  time  the  presence  of 
5.  Eeedensis  indicates  that  it  is  definitely  older  than  the  Trimmingham. 
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Gbalk,  and  this  is  just  what  one  would  expect  if ,  as  is  probable  from 
tbeir  unaltered  condition,  tbese  boulders  are  of  quite  local  origin. 

The  exception  above  mentioned  was  a  large  boulder,  quite  30  feet 
high,  immediately  under  the  new  hotel  at  Sidestrand.  Unfortunately 
this  was  overlaid  by  a  soft  bed  full  of  water,  which  kept  its  surface 
constantly  obscured  by  a  downwash  of  mud,  and  it  was  impossible 
to  collect  from  it.  It  has  now  been  destroyed  in  the  sloping  of  the 
olififs,  or,  if  anything  be  left  of  it,  it  is  turfed  over  and  concealed 
for  good.  I  did  get  from  the  foreman  of  the  works  a  promise  to  let 
me  know  when  they  began  to  cut  into  the  boulder,  but  the  promise 
was  not  kept,  and  the  operation  was  canned  out  in  my  absence,  and 
a  valuable  opportunity  thereby  lost  One  thing  about  it,  however, 
was  not  entirely  obscured  by  the  mud,  and  that  was  the  presence  at 
about  4  feet  from  the  base  of  a  bed  of  laminated  marl  some  2  inches 
thick.  This  remarkable  occurrence  may  mark  the  boundary  between 
the  zone  of  Terehraiidina  and  the  Cromer  Chalk  (which  is  decidedly 
identical  in  age  with  that  now  exposed  near  Norwich,  and  therefore 
belongs  to  the  zone  of  B,  mucronata).  Some  well-marked  line  of 
demarcation  seems  not  unlikely,  as  there  is  a  considerable  palceonto- 
logical  break.  Not  only  Bh.  Beedensis  but  also  Terehratula  sexradiata 
are  not  uncommon  in  the  Cromer  Chalk,  but  still  unknown  at 
Trimmingham,  and  Micraster  cor'anguinum,  which  is  abundant 
(relatively  speaking)  in  the  Cromer  Chalk,  is  so  scarce  at 
Trimmingham  that  I  have  not  yet  found  a  fragment  of  Micratter 
there,  though  Mr.  Savin  has  two  specimens,  apparently  from  the 
bard  basement  bed.  There  are  also  four  very  characteristic  Upper 
Senonian  Polyzoa,  which  in  the  South  of  England  are  found  in 
the  uppermost  beds  (with  abundant  specimens  of  Maga$  pumilus) 
of  the  B.  mucronata  zone,  but  which  are  not  found  at  Trimmingham, 
though  the  environment  there  must  have  been  so  very  favourable 
to  Polyzoa  that  they  might  be  fairly  expected  to  occur  there 
if  they  still  persisted  in  the  English  seas.  I  have  described 
and  figured  three  of  these,  which  I  cannot  identify  with 
published  figures.  It  so  happens  that  I  have  not  yet  recognised 
any  of  these  three  in  the  B.  mucronata  chalk  of  Norfolk,  but  the 
fourth,  Memhranipora  (?  Hbmalostega)  elathrata,  is  abundant  in 
the  Cromer  Chalk,  and  adds  increased  significance  to  the  dis- 
appearance of  Rh,  Beedensis  and  Terehratula  $exradiata.  Undei 
these  circumstances  I  should  be  very  chary  at  present  of  adopting 
a  zonal  description  of  the  Trimmingham  Chalk  which  would  allow 
of  the  Sidestrand  erratics  containing  Bh.  Beedensis  being  included 
with  it.  Of  course,  if  the  great  erratic  was  representative  of  the 
cliff  from  which  the  other  erratics  were  derived,  it  would  be  quite 
conceivable  that  the  marl  band  should  be  the  boundary  of  the  two 
zones,  and  the  mixture  of  Fentacrinus  and  BL  Beedensis  in  the  fossils 
obtained  be  due  to  the  presence  of  boulders  both  from  above  and 
below  the  boundary.  (Many  puzzling  records  are  probably  due  tc 
an  assemblage  of  fossils  gathered  from  a  section  containing  the 
boundary  of  two  zones  being  regarded  as  a  naturally  contemporaneoui 
series,  and  assigned  to  the  more  prominent  of  the  two  zones.) 
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Shoald  it  ever  be  asoerUined  that  there  tk  a  point  at  which  thA 
forma  aboTa  mentioned  all  disappear,  that  point  may  safely  be  taken 
as  the  upper  limit  of  the  B.  mueranata  zone  of  Norfolk.  [I  do  not  say 
*  Norwidi  Ohalk/  beoanse  I  have  a  very  strong  opinion  that  that 
term  is  wholly  nnsoientific.  If  it  implies,  as  presumably  it  does, 
that  all  the  chalk  which  has  ever  been  exposed  within  two  or  three' 
miles  of  Norwich  is  of  the  same  zone,  that  zone  must  be  the  zone  of 
B.  mueronaia,  and  the  term  '  Norwich  Chalk '  is  a  mere  synonym. 
It  is  undonbtedly  the  fact  that  the  sections  now  accessible  (Trowse, 
Thorpe,  and  Whitlingham)  are  all  in  chalk  which  contains  A  mtcoro- 
naia  freely,  and  cannot  on  any  pretext  be  assigned  to  any  other  zone.' 
But  many  of  the  fossils  recorded  from  the  '  Norwich  Chalk/  e.g.  the 
Cephalopoda^  seem  decidedly  unlikely  to  occur  in  such  chalk  as  that- 
now  exposed,  and  probably  the  chalk  in  which  BaeuUt6$  was 
abundant  was  very  different  stuff  from  that  now  to  be  seen.  In  that 
case  the  '  Norwich  Chalk '  is  a  '  hotchpotch '  of  an  unknown  number 
of  zones  which  should,  with  its  so-called  fauna,  be  discarded  as  soon 
as  possible  in  all  attempts  at  zonal  classification.  I  have  really  very 
little  doubt  as  to  the  danger  involved  in  treating  the  Norwich  ChalK 
as  a  zonal  unit,  and  many  of  the  peculiar  species  would  probably 
find  a  place  as  synonyms  if  Samuel  Woodward's  types  could  be 
found.  Some  can  be  so  treated  from  the  plates;  e.g.,  Serptda 
aeeumtdata  is  almost  certainly  a  synonym  of  8.  vortexy  8,  pentangtdcUa 
of  8,  eanteriata,  8.  earinata  of  8.Jlwtuata,  8.  eontracta  of  8.  gordiali$ 
(if  Professor  Deeoke  rightly  identified  the  specimens  to  which  he 
assigned  the  latter  name,  which  has  not  been  very  freely  admitted 
by  other  collectors),  and  Plagiostoma  grantdosum  of  Lima  grantUata. 
At  any  rate,  we  are  not  warranted  by  any  accessible  information  in 
taking  it  for  granted  that  the  recorded  fauna  of  the  '  Norwich  Chalk ' 
has  been  derived  from  pits  exclusively  in  the  same  zone.  Most  of 
the  pits  named  are  now  inaccessible  and  cannot  be  re-examined.] 
Unfortunately,  in  discussing  the  limits  of  the  zones  of  the  Upper 
Chalk  in  M  or  folk  we  get  very  little  assistance  from  the  nearest  area 
in  which  those  zones  occur  again  at  all  freely,  i.e.  in  Sussex  and 
Hants.  The  zone  of  B,  quadrata  south  of  the  Thames  is  often 
very  fossiliferous,  and  the  zone  of  B,  mueronata  is  often  even 
more  so,  both  zones  being  conspicuous  for  abundance  of  free- 
growing  Polyzoa.  But  in  Norfolk,  and  indeed  generally  on  the 
north  of  the  Thames,  both  these  zones  are  much  less  fossiliferous 
and  practically  devoid  of  free  -  growing  Polyzoa.  In  fact,  they 
present  quite  a  different  aspect ;  they  are  much  more  uniform  and 
much  finer  apparently  in  texture.  It  may  be  only  due  to  increased 
depth,  but  I  have  always  felt  tempted  to  postulate  the  existence  in 
the  Cretaceous  sea  of  a  submerged  ridge  separating  the  two  areas  or 
basins.  The  connection  of  the  Norfolk  area  with  the  Eiigen  sea, 
which  is  so  marked  in  the  Trimmingham  Polyzoa,  must  have  existed 
at  least  as  early  as  the  age  of  the  chalk  round  Norwich  and  near 
Cromer,  in  which  HomaloBiega  pavonia,  described  from  Riigen  in 
1839  but  not  recorded  from  any  other  locality  except  Trimmingham, 
is  quite  abundant.    Though  Polyzoa  are  abundant  at  the  top  of  the 
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B.  mueronata  ohalk  of  Hampshire,  I  have  not  yet  found  any  Biigen 
forms  there,  and  this  may  well  be  more  than  a  mere  ooincidenoe. 

Stbatiorapht. 

In  this  department  I  have  to  acknowledge  my  indebtedness  to 
Hr.  G.  P.  Bidder,  who  was  staying  at  Mundesley  daring  late 
September  and  October  of  1905,  a  time  of  very  rough  weather 
and  gpreat  variety  of  exposures.  Though  not  a  geologist,  he  took 
great  interest  in  the  local  geology  and  gave  me  much  assistance  in 
many  ways.  Amongst  other  things  he  pointed  out  to  me  that  in  my 
previous  pamphlet  I  had  overlooked  the  fact  that  the  magnetic  north 
is  about  20^  west  of  true  north,  and  that  I  ought  to  mention 
that  all  my  bearings  were  magnetia  I  have,  for  convenience, 
continued  to  use  magnetic  bearings  in  this  paper. 

South  Bluff. 

Very  little  further  development  has  taken  place  here,  but  the 
accuracy  of  the  partly  hypothetical  presentation  of  the  low  southern 
prolongation  in  fig.  2  of  my  previous  pamphlet  has  been  established 
by  fuller  exposures  both  as  to  the  continuity  of  the  flint  lines  and 
their  identification  with  those  to  the  right  of  A  B.  It  also  turned 
out  that  at  the  furthest  point  to  which  they  are  shown  extending 
they  bend  sharply  down,  and  all  but  the  highest  of  the  lines  shown 
to  the  right  of  A  B  come  in  on  the  slope.  The  highest  of  these  was 
found  to  be  dipping  at  quite  75°  almost  due  south.  (This  very  high 
dip  on  the  south  side  of  a  ridge  is  by  no  means  uncommon  elsewhere 
in  this  area.) 

A  great  number  of  cavities  have  recently  appeared  in  the  upper 
beds  of  the  southern  part  of  the  bluff,  and  it  appears  as  if  these 
cavities  expand  as  they  penetrate  the  bluff.  This  is  just  what  would 
be  expected  if  they  were  cavities  formed  in  a  cliff  facing  to  the 
south  or  south-west,  and  tends  to  confirm  the  view  that  this  part  of 
the  bluff,  at  any  rate,  is  the  remains  of  a  headland  which  faced  a  sea 
lying  to  the  south  or  south-west. 

A  good  deal  of  the  sand  in  the  gap  between  the  two  parts  of  the 
bluff  has  been  cleared  away  and  the  south-easterly  face  of  the 
northern  part  exposed  to  a  point  directly  behind  and  on  the  same 
level  as  the  northern  end  of  the  southern  part  and  only  8  yards 
away  from  it  (Plate  II,  Fig.  1).  The  marked  difference  in  the 
physical  characters  of  the  two  parts  remains  unaffected,  and  the 
conclusion  that  they  are  separated  by  a  fault  seems  now  inevitable 
if  the  north  part  is  not  an  erratic,  as  to  which  no  further  evidence 
has  been  obtained.  I  have  found  a  single  specimen  of  0.  lunaia  in 
the  northern  part 

North  Bluff. 

Here  there  have  been  some  most  interesting  developments  owing  to 
the  rapid  erosion  which  has  taken  place,  and  is  still  proceeding. 
A  great  deal  of  erosion  took  place  in  the  Winter  of  1900-1 
all  round  the  bluff,  and  I  was  fortunate  enough  to  obtain  through 
Mr.  Savin,  of  Oromer,  the  assistance  of  a  local  amateur  photographer, 
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who  took  in  Febrnary,  1901,  the  photographs  reprodnoed  as 
Plate  n,  Figs.  2  and  3,  and  Plate  III,  Figs.  4  and  5.  Fig.  2  shows 
the  blaff  as  seen  from  a  point  on  a  line  drawn  through  the  bluff 
pandlel  with  the  beach-line.  It  will  be  noticed  that  one  of  the 
lines  of  flints  appears  to  be  vertical.  That  this  is  an  illusion 
oin  be  seen  from  Fig.  3,  which  was  taken  from  a  point 
approximately  on  the  strike  of  the  same  line  of  flints,  which 
(as  I  stated  in  my  previous  pamphlet,  and  have  several  times  since 
checked)  is  not  parallel  to  the  beach -line.  The  appearance  of 
▼erdoality  is  due  to  the  surface  presented  being  oblique  both  to  the 
line  of  vision  and  to  the  horizontal  plane. 

Fig.  4.  Plate  III,  shows  a  very  interesting  development  on  the 

north  side  of  the  bluff.     A  deep  bay  had  been  hollowed  out  with 

a  long  south   side  and  very  short  north  side.    The  south  side 

was  formed   by  first  the  bluff  itself  and  then  chalky  clay,  as 

shown  in  fig.  1  of  my  previous  pamphlet.      But  the  clay  now 

proved    to    be    only    a    narrow    triangular    mass,    succeeded    by 

a  sloping   bank   of  chalk    which   formed   the   rest  of  that   side 

of  the  bay.     The  head  of  the  bay  was  formed  of  talus  from  the 

difi  above,    and   apparently  concealing   the   connection  of   the 

doping  bank  of  chalk  with  the  chalk  which  emerged  again  to 

form  the  short  north  side.     This  north  side  ended  in  a  clean-cut 

cross  section,  which  showed  it  to  consist  of  a  layer  of  chalk  from 

two  to  three  feet  thick  resting  on  chalky  clay  with  an  apparent 

bedding   parallel   to   the  base   of   the   chalk,   the   junction   plane 

(lipping  seawards  at  an  angle  of  about  55°.     The  whole  of  the 

chalk  exposed   behind   the  triangular  mass  of  clay  was  grey,  and 

exhibited  many  peculiarities  which  will  be  dealt  with  fully  later  on. 

Fig.  5,  Plate  III,  gives  a  close  view  of  the  pinnacle  of  clay  and  its 

immediate  surroundings,  and  there  are  a  number  of  points  of  interest 

about  it.     One  is  the  distance  from  which  the  clay  runs  in  under  the 

chalk  on  either  side.     Shortly  before  the  photograph  was  taken  the 

•    sand  was  still  further  cleared  away  and  the  clay  extended  quite  two 

feet  further  under  the  bluff.     In  this  connection  it  is  to  be  observed 

that  a  junction  between  the  chalk  and  the  clay  has  been  seen  on  the 

foreshore  close  by  for  a  distance  of  some  30  yards,  throughout  the 

^hole  of  which  the  clay  is  running  in  under  the  chalk  for  a  distance 

of  at  least  nine  inches,  and  may,  for  all  appearances,  underlie  it 

altogether.     There  are  many  other  points  on  the  foreshore  where  the 

junction  of  chalk  and  clay  has  been  observed,  and  in  all  the  plane  of 

junction  is  either  vertical  or  else  almost  horizontal  with  the  clay 

Winning  under   the   chalk.     Again,  in   the  case  of  a  fault  on  the 

foreshore  almost  opposite  the  north  bluff,  the  chalk  on  either  side 

•^f  the  fault  has   at  one  point  been  broken  away  so  as  to  form 

along  narrow  steep- sided  pool  about  18  inches  deep.     The  bottom 

*^f  this  pool  is  formed  by  what  appears  to  be  the  truncated  top  of 

a  dome  of  clay,  composed  of  fairly  regular  concentric  layers  of  clay 

^f  varying  colours,  suggesting  very  strongly  that  the  clay  has  been 

forced  up  from  beneath  into  a  cavity  or  crack.     The  point  at  w\ivc\i 

this  occurs  is  at  least  ZO  yards  from  the  nearest  exposure  of  o\ay. 
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Another  point  is  the  psendo-Btratifioation  of  the  olaj  tcfo^j 
parallel  to  the  sides  of  the  fissnre.  This  point  is  not  well  brou^t 
oat  by  the  photograph,  in  whioh  it  only  appears  by  the  light-ooloured 
band.  It  was,  however,  much  more  apparent  to  the  eye,  being  more 
or  less  marked  all  through  the  mass  owing  to  slight  variations  in 
oolonr  of  the  different  bands,  a  reprodnotion  of  whioh  is  hardly  to 
be  expeoted  by  photography.  Here  again  we  have  appearances 
strongly  suggesting  that  a  pseudo-stratified  mass  of  olay  has  been 
foroed  upwards  into  a  oavity. 

Another  point  whioh  is  not  dearly  shown  by  the  photographs, 
is  that  the  faoe  presented  by  Fig.  4  was  an  almost  plane  surfaoe^ 
apparently  representing  a  olean  seotion  through  the  bluff,  the  olay 
and  a  homogeneous  mass  of  grey  ohalk  at  the  baok. 

A  fourth  point  whioh  oannot,  owing  to  the  shadow,  be  distinguished 
at  all  in  the  photographs,  is  that  there  was  a  slender  arob  of  ohalk 
not  more  than  two  feet  thiok  extending  over  the  olay  pinnacle  and 
oonneoting  the  bluff  with  the  ohalk  behind.  I  was  only  just  able 
to  reach  the  aroh  and  ascertain  that  Osirea  lunaAa  ocourred  in  it 
The  seaward  face  of  the  bluff  was  at  this  time  too  steep  to  olimb- 
with  any  comfort,  and  the  highest  chalk  which  could  oe  reached 
from  the  beach  was  normal  0.  Itmata  chalk,  which  apparently 
continued  up  to  the  point  where  the  nature  of  the  ciialk  was- 
completely  obscured  by  dirt. 

Since  the  Spring  of  1901  there  has  been  steady  denudation  at  this 
point.  Unfortunately  I  was  not  able  to  obtain  any  photographio 
record  until  the  Autumn  of  1904,  but  the  course  of  denudation  in 
the  meanwhile  may  be  summarized  as  follows  : — 

1.     The  Original  Bluff. 

The  top  of  the  bluff  remained  inaccessible  and  obscured  by  sand 
for  some  time.  It  became  gradually  cleaner  and  more  accessible,, 
but  during  1901  I  found  nothing  but  0.  lunata  chalk  exposed.  By 
1902  the  downwash  of  mud  had  practically  ceased  and  the  face  of 
the  bluff  had  been  considerably  stepped,  and  it  was  gradually 
revealed  that  the  bluff  was  capped  by  a  bed  of  grey  ohalk  of  a  fairly 
nniform  thickness  of  two  feet  and  with  a  perfectly  dean-cut  boundary 
between  it  and  the  0.  lunata  chalk.  (As  this  grey  chalk  will  be 
referred  to  again  later  on,  I  take  this  opportunity  of  saying  that  its 
appearance  is  sometimes  only  to  be  detected  by  the  change  in  colour. 
But,  as  a  rule,  it  is  separated  from  the  0.  lunata  chalk  which  is 
invariably  found  beneath  it  by  an  exceedingly  thin  seam  of  fine 
grit,  containing  scattered  flint  pebbles  of  various  sizes  up  to  that  of 
a  good-sized  potato.  In  places  this  seam  swells  out  into  a  definite 
bed  as  much  as  two  inches  thick  containing  small  rolled  pieces  of 
chalk.  The  presence  of  rolled  flints  has  not  to  my  knowledge  been 
before  recorded  in  the  English  or,  indeed,  any  Chalk.  It  throws  an 
important  light  on  the  time  of  consolidation  of  the  flints,  which 
must  have  tcS^en  place  in  this  case  almost  simultaneously  with  the 
deposition  of  the  Chalk  in  whioh  they  were  formed.)  The  grey 
chalk  was  plainly  unconformable  to  the    0.  Iwnata  chalk  below^ 
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tbr  As  fluw  upper  lines  of  flint  diown  in  %.  1  of  sy  p«rriiNii 
'|«ttWeli«i  ateedilj  ani  ikoni^y  op  to  Hie  nit  eesm  et  the  baee 
<ir  tte  gnj  ohaDc,  and  were  then  oat  off  bj  it  A  ISilrlj  eeowiie 
iqmsetttation  of  this  state  of  thinn  oan  be  got  bj  adding  to  the 
hiUiaentloned  figure  two  feet  of  dialk  resting  horiaontally  on  die 
tnsQsisd  ends  of  the  lines  of  flint  As  the  blitf  was  oat  back  these 
iimof  flint  sank,  and  after  a  time  the  lowest  came  whoUy  below 
die  bsse  of  Uie  grej  duJk  and  formed  a  perfeot  ardh. 


2.     Tke  lUmire  and  iU  immediate  nurromndinge. 

Ihe  triangnlar  mass  of  day  filling  the  fissure  was  denuded  mueb 
mole  rspidly  than  the  ohalk»  and  soon  there  was  prodnoed  a  deQi;^ 
idil  betwesn  two  teoea  of  ohalk,  whioh  gaye  putial  oross  seetians 
«l  Ae  masses  of  ohalk.    It  beoame  almost  at  onoe  appareirt  that  the 

aebaBc  was  reaUy  only  a  thin  ooating  (thicker  at  ttie  top  pna 
n  on  the  dope  flian  in  ^e  middle,  Imt  nowhere  more  thsqt 
ttkohes  thiok)  of  a  sloping  surface  of  0.  Imaia  chalk.  The  fillhif 
^the  gi^  by  day  proved  in  places  to  be  incomplete,  so  Oufi 
4  flOBsideraUe  spaoe  was  1^  between  the  t(^  ef  the  day  and  &b 
«Uk  aioh,  indicating  tiiat  the  day  was  dttier  very  dtghtly  fluid 
«r'Bot  under  great  pressure  when  forced  in.  The  latter  cause  seems 
flieinore  prol^ble,  as  if  there  had  been  great  pressure  at  this  point  it 
ii  hardly  possible  ^at  an  arch  of  diaUc,  with  a  maximum  thickness 
of  two  feet,  should  have  remained  unbroken.  The  grey  ohalk  soon 
^peered  in  the  arch  forming  the  upper  part  of  it  in  a  gradually 
inoieasiog  proportion  and  oonnecting  the  grey  chalk  on  the  bluff 
^th  that  on  the  'slope/  but  it  never  completely  out  out  the 
0.  limata  ohalk  whioh  still  formed  the  lower  six  inches  or  bo  when 
it  was  destroyed  by  the  waves.  About  two-thirds  of  the  way  up  the 
•lope,  was  one  of  the  points  where  the  grit  seam  swelled  out  into 
a  r^nlar  bed  with  pebbles  and  rolled  chdk. 

3.     The  Bay  of  Orey  Chalk. 

The  first  event  was  the  removal  of  the  talus  at  the  head  of  the  bay 
and  the  exposure  of  a  continuous  surface  of  grey  chalk  beneath  it 
Then  the  grey  chalk  became  thinner  and  finally  disappeared  altogether, 
both  at  the  head  of  the  bay  and  along  the  median  (horizontal)  line 
of  the  '  slope.'  But  while  in  the  latter  case  the  underlying  stratum 
was  O.  lunaia  chalk,  as  might  be  expected,  in  the  former  case  it 
proved  to  be  clay  similar  to  that  at  the  back  of  the  blufil  Further 
denudation  of  the  grey  clay  exposed  at  a  number  of  points  0.  lunata 
chalk  coming  in  between  the  grey  chalk  and  the  clay  as  the  edge  of 
the  grey  chalk  shrank  back  from  the  cliff  (PI.  lY,  Fig.  9) . 

4.     The  Bay  on  the  South  of  the  Bluff. 

This  is  but  poorly  shown  in  our  PL  II,  Fig.  2,  which  was  taken 
St  a  time  when  there  was  no  particular  feature  of  interest  in  thA 
sooth  bay.    It  only  offered  a  section  through  the  bluff  and  a  maaa 
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of  olay  immediately  behind  it,  and  behind  and  above  both  a  tumbled 
mass  of  glacial  beds,  separated  from  the  ohalk  by  a  thin  layer  of 
dark  laminated  clay. 

•Lvfr 

ftlOl  Of  MV 


Diagram  of  Chalk  Blaff,  sbonving  tho  mass  of  clay  immediately  behind  it  and  the 

discontinuous  line  of  chalk  masses  round  the  Bay. 

Towards  the  end  of  1903  the  grey  bed  which  had  been  exposed 
at  the  top  of  the  blnfif  began  to  throw  oat  a  *  stringer  *  (or  broken 
horizontal  line  of  grey  chalk)  over  the  mass  of  olay  behind  it»  and 
early  in  1904  there  was  a  discontinuous  line  of  chalk  masses  visible 
for  a  considerable  way  round  the  bay.  They  were  apparently 
supported  by  a  mass  of  clay,  which  was  turned  under  itself  against 
the  bluff,  judging  from  the  banding  of  the  olay  as  sketched  very 
roughly  in  the  above  diagram. 

EXPLANATION  OF  PLATES. 
Views  of  Trimmingham  Chalk  BlufEs,  Norfolk  Coast. 

Plate  II. 

Fxo.  1. — South  Bluff;  gap  between  northern  and  southern  part,    a,  a,  masses  of 

coarse  shingle. 
Fios.  2  and  3.— Two  views  of  North  Bluff  as  seen  from  the  south  (1901). 

Plate  III. 
Fio.  4.— North  Bluff;  \ieyr  of  north  bay  (January,  1901). 
,,    5.— Pinnacle  of  clay  separating  the  North  Bluff  from  the  chalk  at  the  back 
of  it  (January,  1901).    The  connecting  roof  of  chalk  is  in  deep  shadow, 
and  therefore  very  indieitinct. 
„    6. — View  of  the  North  Bluff  and  the  exposure  of  chalk  in  the  bay  (NoTember, 
1904). 

{To  be  eoniinued,) 


IIL — On  the  Baised  Beaches  of  the  Oeologioal  Survey  op 

SOOTLAMD. 
By  T.  F.  Jamiesox,  F.O.S. 

IN  the  maps  and  memoirs  of  the  Geological  Sarvey  of  Scotland 
there  is  frequent  mention  of  raised  beaches  at  50  and  100  feet 
above  the  present  sea -level.  Mr.  James  Gtoikiey  too,  in  his 
well-known  book  on  the  Oreat  Ice  Age,  confidently  assumea  the 
existence  of  beaches  at  these  two  levels.  It  is  therefore  with  some 
degreie  of  reluctance  that  in  the  following  remarks  I  venture  to 
question  the  reality  of  these  supposed  beaches ;  but  it  will  lessen 
the  field  of  controversy  if  I  confine  my  observations  to  the  east  side 
of  Scotland.  Matters  may  probably  difier  somewhat  in  regwd  to  ihe^ 
west  side. 


Gmu  Mar.  1906. 
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Id  a  paper  on  the  last  stage  of  the  Olaoial  period  in  the  Qoart 
3iinL  QeoL  Soc.,  1874  (vol.  xxx,  p.  337),  I  maintained  that 
ibseqaent  to  the  last  great  glaoiation  of  Scotland  no  sab- 
lergenoe  of  the  country  has  taken  plaoe  beyond  that  slight  ohange 
i*  level  which  is  marked  by  the  estuary  beds  and  raised  beaches 

little  above  the  present  coastline.  Along  the  shores  of  the 
irth  of  Forth  this  change  of  level  does  not  seem  to  me  to  have 
)eD  more  than  about  30  feet  Such  was  also  the  opinion  of  Charles 
aclaren,  a  careful  and  accurate  observer,  who  spent  a  long  life  in 
lat  locality  and  knew  it  welL  At  the  Firth  of  Tay  the  amount 
)e6  not  seem  to  be  any  greater,  and  on  going  farther  north  the 
lADge  of  level  appears  to  me  to  become  less.  At  Montrose,  for 
uunple,  it  does  not  seem  to  exceed  15  or  at  most  20  feet  Between 
ootrose  and  Bervie  the  raised  beach  is  well  marked  in  many  places, 
it  I  could  see  no  trace  whatever  of  any  higher  ones  at  50  or  100  feet. 
Q  reaching  Aberdeen  the  height  is  still  less,  apparently  not  more 
ao  eight  or  ten  feet  along  the  coast  of  that  county,  nor  does  it  seem 

be  any  more  on  the  Banfilshire  coast.  In  the  estuary  of  the 
than,  half-way  between  Aberdeen  and  Peterhead,  the  change  of 
7el  can  be  well  estimated  and  does  not  appear  to  exceed  what 

have  stated.  I  have  examined  that  locality  carefully  and 
peatedly,  but  have  never  been  able  to  perceive  the  least  sign  of 
raised  beach  at  either  50  or  100  feet. 

In  the  valley  of  the  Forth  the  old  estuary-mud,  or  oarse  land, 
tends  west  a  long  way  past  Stirling,  up  to  near  the  Loch  of 
snteith  and  Gartmore,  rising  gradually  as  we  follow  it  inland  to 
level  of  40  or  45  feet.  This  gradual  rise  seems  to  be  always  the 
ie  with  a  tidal  mud  as  we  trace  it  inland.  The  tidal  wave  rises 
en  considerably  in  moving  up  a  valley,  as  we  see  on  the  Severn 
the  present  day.  The  fact  of  the  oarse  land  and  alluvial  loam  of 
3  Forth  rising  to  40  or  even  50  feet  at  its  inland  extremity  does 
t  therefore  imply  a  raised  beaoh  of  that  height  at  the  coast.  The 
►oh  of  Menteith  is  bordered  by  a  fine  group  of  old  moraines  which 
me  down  to  the  level  of  the  oarse,  the   lake  itself  being  only 

feet  above  the  sea.     These  moraines  were  left  during  the  retreat 

the  last  great  mantle  of  ice.  Now,  if  there  had  been  any 
bsequent  submergence  to  the  extent  of  100  feet,  it  could  not  fail 
have  left  its  mark  on  the  front  of  these  moraines.  The  absence  of 
lything  of  the  sort  is,  I  think,  a  proof  that  no  such  submergence 
tt  taken  place.  The  basin  of  the  lake  should  also  have  been  filled 
ith  marine  silt,  of  which  there  is  no  trace. 

At  Aberdeen  we  have  moraines  which  come  down  close  to  the 
resent  beach,  as  for  example  at  the  Broadhill  on  the  east  side  of  the 
>wn.  This  Broadhill  is  one  of  the  moraine  heaps  left  by  the  glacier 
f  the  Dee  during  the  last  great  extension  of  the  ice.  It  is  94  feet 
igh,  and  has  been  truncated  apparently  to  some  degree,  or  cut  into, 
long  its  seaward  side  by  the  raised  beach,  but  we  look  in  vain  for 
**y  evidence  of  sea-action  upon  it  higher  than  a  few  feet  above  the 
feBent  reach  of  spring  tides.  At  Belhelvie,  a  few  miles  north  ol 
Aberdeen,  we  have  another  groap  of  gravelly  moraines  leit  \yj  ^^ 
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fi^laoier  wben  it  reached  the  coast.  A  snbmergence  to  the  extent  of 
100  feet  sbonld  aurely  have  made  some  impression  on  these  also. 
It  was  no  small  development  of  ice  that  brought  the  glacier  of  the 
Dee  down  to  the  coast  when  it  left  these  moraines.  Daring  this  last 
glaoiation  I  believe  the  whole  of  Scotland  was  more  or  less  covered 
with  perennial  snow  and  ice ;  hot  the  ice  was  probably  very  thin 
in  many  places  along  the  east  side,  where  the  thick  streams 
descending  from  the  Highland  valleys  had  room  to  spread  oat 
freely.  This  would  account  for  considerable  portions  of  the  older 
clay-beds  having  escaped  destruction,  and  in  point  of  fact  some  of 
these  Belhelvie  moraines  overlie  wasted  masses  of  the  day. 

If  there  was  a  raised  beach  at  100  feet  we  ought  to  &id  beds  of 
estuary-mud  with  its  characteristic  fossils  in  our  wider  valleya 
near  the  100  feet  contour  -  line,  but  where  are  they  ?  We  have 
such  beds  with  shells  and  whale  -  skeletons  in  these  valleys  at 
heights  corresponding  to  the  real  old  beach  whose  existence  I  have 
mentioned ;  but  we  have  absolutely  nothing  of  the  sort  corresponding 
to  a  submergence  of  100  or  even  60  feet.  Is  not  this  sufficient  proof 
that  there  has  been  no  such  submergence  ?  In  Aberdeenshire  the 
river  Ythan  (which  enters  the  sea  half-way  between  Aberdeen  and 
Peterhead)  flows  along  a  wide  little  valley  with  a  very  small  gradient, 
so  that  a  submergence  to  the  extent  of  50  feet  would  send  the  tide 
ten  miles  up  it.  That  basin  should  have  certainly  been  filled  to 
some  extent  with  estuary  silt,  but  no  trace  of  anything  of  the  sort  is 
to  be  seen  beyond  a  few  feet  above  the  limit  of  spring  tides.  A  like 
submergence  in  the  valley  of  the  Dee  would  have  sent  the  tide  six 
or  seven  miles  up  that  river  with  a  similar  result,  and  a  submergence 
to  the  extent  of  100  feet  would  have  sent  it  on  a  few  miles  further ; 
bat  no  sign  can  be  perceived  of  any  such  event  having  happened 
after  the  last  glaoiation  which  brought  the  Dee  glacier  down  to  the 
coast.  Evidence  of  this  sort  could  be  multiplied  along  valleys  on 
the  east  side  of  Scotland,  but  perhaps  the  above  will  suffice. 

It  would  surely  be  time  enough  to  talk  of  a  hundred  feet  beadi 
when  we  could  point  to  some  beds  of  littoral  shells  at  a  corresponding 
height,  taking  care  that  no  shell  heaps  of  edible  mollusks  left  by 
man  were  mistaken  for  the  real  article,  because  on  the  shores  of  cor 
estuaries  such  heaps  are  often  to  be  found. 

The  notion  of  raised  beaches  at  50  and  100  feet  6eems  to  have 
arisen  in  1879  in  mapping  Sheet  31  by  the  (Geological  Survey,  for  it 
is  in  the  explanatory  memoir  of  that  sheet  that  we  find  this  idea  first 
brought  forward,  and  ever  since  then  it  seems  to  have  become 
a  settled  article  of  faith  with  the  Scottish  Survey.  Beds  of  clay  in 
the  neighbourhood  of  Falkirk  are  described  in  that  memoir  having 
a  flattish  terraced  aspect,  which  seems  to  have  led  to  the  belief  that 
they  were  old  beaches ;  but  no  good  evidence,  fossil  or  otherwise, 
is  adduced  to  substantiate  this  opinion,  and  surely  the  mere  flatness 
of  a  bed  of  clay  is  no  sufficient  proof  that  it  is  a  beach.  This  day 
was  no  doubt  accumulated  under  water,  possibly  sea- water,  bat  ftifl 
evidence  of  denadation  and  disturbance  which  it  shows  in  many 
places  harmonizes  better  with  the  idea  that  it  has  been  afterwards 
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6xpo0ed  to  the  action  of  land-ice,  which  has  moved  over  it  with  more 

or  ten  damaging  effect  according  to  the  thickness  of  that  ice.    We  may 

conseqnently  infer  that  the  deposition  of  the  day  took  place  previons 

to  the  last  general  glaciation.     Snch,  it  seems  to  me,  is  clearly  tha 

case  with  the  red  clay  of  Aberdeenshire,  and  the  illastrations  of 

disturbance  in  the   beds   at   Portobelio  and  elsewhere  g^ven  bv 

Mr.  Oeikie  in  his  book  convey  the  same  impression.    Moreover,  snoih 

fossil  evidence  as  these  clays  do  present  at  Errol,  Elie,  Montrose^ 

and  other  places  points  to  deeper  water-  than  a  submergence  of  even 

100  feet  would  imply.     I  see  no  reason,  therefore,  to  depart  from 

my  opinion  that  subsequent  to  the  last  general  glaciation  of  Scotland 

there   has  been  no  submergence  along  the  eastern  side  of  that 

country  beyond  what  would  be  accounted  for  by  a  depression  of  the 

land,  amounting  to  from  about  30  feet  on  the  Firth  of  Forth  to 

10  feet  on  the  coast  of  Aberdeen.    The  history  of  the  Olacial  period 

has  proved  a  difficult  subject  to  unravel,  and  we  have  all  made 

mistakes  about  it.     It  is  therefore  in  no  captious  spirit  that  I  have 

been  led  to  make  these  strictures  on  the  raised  beaches,  but  rather 

with  the  view  of  promoting  a  better  knowledge  of  this  passage  in  the 

last  geological  changes  which  our  country  has  undeigone. 

Briefly,  then,  my  reasons  for  disbelieving  in  the  existence  of  these 
raised  beaches  at  50  and  100  feet  on  the  east  side  of  Scotland  after 
the  last  general  glaciation  of  that  country  are : — 

1.  Because  at  and  below  these  levels  there  are  moraine  heaps 
which  show  no  evidence  of  sea-action  on  them  up  to  such  heights. 

2.  Because  there  is  an  absence  of  estuary-mud  with  its 
characteristio  fossils  in  the  valleys  at  levels  where  such  a  sub- 
mergence should  have  produced  it. 

3.  Because  there  are  no  beds  of  littoral  shells  at  levels 
corresponding  to  such  beaches. 

4.  Because  the  beds  of  clay  supposed  to  have  been  formed  during 
the  time  of  the  100  feet  beach  contain  remains  of  moUusca  and 
starfishes,  which  indicate  deeper  water  and  an  older  stage  of  the 
Glacial  period. 

5.  Because  these  clays  also  show  evidence  of  having  been  wasted 
and  disturbed  by  subsequent  glacial  action,  and  are  therefore 
anterior  to  the  last  general  glaciation. 

rV. — A   Fossil  Insect   from   the   Coal-measures    of   Longton, 

North  Staffordshire. 

By  Henry  Woodward,  LL.D.,  F.R.S.,  F.G.S. 

SOME  time  since  Mr.  John  T.  Stobbs,  F.G.S.,  obtained  a  very 
well-preserved  impression  in  clay  ironstone  of  the  wing  of 
a  Neuropterous  insect  from  the  rich  plant-bed  at  Foley,  near 
Longton,  North  Staffordshire,  which  he  very  obligingly  submitted 
to  me  for  study.  The  geological  horizon  is  that  of  the  '*  Peacock 
Karl"  (i.e.,  the  marl  overlying  the  Peacock  Coal),  and  it  therefore 
comes  from  near  the  top  of  the  workable  Coal-measures.^ 

>  See  letter  by  Mr.  John  T.  Stobbs  in  Geol.  Mag.,  1903,  p,  524. 
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The  impression  ia  that  of  the  hinder  wing  of  the  left  aide  of 
A  Neuroptarous  inuot,  the  wing  being  fall;  5  cm.  long  and  2  am.  ia 
breulth.  The  diaUI  extremity  ia  wanting,  bat  from  the  soar  left  oa 
the  matrix  the  lost  tip  probably  did  not  ezoeed  1  om.,  and  the  point 
baa  been  realored  in  dotted  linea  in  the  fignie.  At  the  point  in  the 
figure  marked  bj  a  ^  the  pinnule  of  a  fern,  Neuroplarit,  oveiiiee 
the  wluf(i  hut,  for  the  aake  of  oleamess,  has  been  omitted  &am  the 
dntwiiig,  and  the  nervurea  of  the  wing  are  continued  by  dotted  linee 
over  the  oltflnole ;  near  the  point  of  attaobment  to  the  body  the 
itruotDre  of  the  wing  is  alio  obsoured.  For  the  oonvenienoe  of 
llMKiri|itIi)ii,  small  Boman  numerals,  marking  the  principal  nervares, 
have  twon  added  to  the  figure  of  the  wing  (aa  used  by  Ur.  Cbarlae 
Un>iiti»iai't).'  The  following  is  a  brief  description  of  the  specimen 
aa  far  as  i  am  able  to  define  it: — 


I. — Left  puteriot  •stag  of  Lithoaumtit  carbmariia  ITi,  H.  Woodw.,  bom  the 
CoBl-mcoBUieH,  Foley,  aear  LoogtoD,  Karth  StaSard«Mie.  I,  tlie  CoAd 
Demue ;  II,  the  sub-costal  nervure;  III,  ths  radial  nermre ;  Y,  llw 
median   oervuro  ;   VII,   the  cubitel  nemire ;   IX,  etc.,  the  anal  or  boal 


The  ooatal  nervnre  (I)  is  atrong,  and  forma  the  anterior  margin  of 
the  wing ;  it  gives  off  no  braiiob.  It  ia  connected  with  the  aub-ooatal 
(11)  by  a  series  of  very  fine  strai^t  uervulea.*  The  oostal  and 
•ub-costal  converge  distally  at  about  two-thirda  of  their  length  from 
the  body.  The  radius  (111)  runs  in  a  parallel  course  for  some 
difitanoe  from  its  oommenoemeDt  below  the  sub* ooatal,  giving 
off  a  brancb-nervure  at  III,  8,  one-third  of  its  length,  which, 
diverging  rather  more  as  it  advances,  is  again  subdivided  at 
twc-tliirds  of  ita  length  into  three  branobea,  the  upper  and  middle 
ones    eubdividing    again    into    two,    and   these    into    two    more 

■  "  Hvcherches  pour  aervir  i  I'lusloiTe  dea  Ineedes  Foaeiica  dca  tempe  Prinuina," 
et«.,  par  Cbailea  Brangiiiait ;  St.  Etienoe  (Theolier  et  C"),  1893.  4to ;  pp.  4M. 
and  Atlas,  pp.  14,  and  37  douUs  4to  and  folding  platsa.  Thia  tocon^liibgd 
Daturalixt,  grandsoD  of  the  celebrated  botanist  Addpne   Brongniart,  died  at  tb» 

■of  40onAr-'' ■°"-   ' —   '--^—    —-■---' -      - 


earij  B| 


0  on  Apdl  18th,  1899,  haTing,  «Ten  in  m  few  yean,  acliieTed  nuuL 


Mtiit  in  the  aboTe  Sgam  of  the  ning. 


tAotoaJM  bclbn  rsMfaiog  th*  mu;gia  it  IIL  Ths  mttdian 
mm  (T)  aoMMWDawi  unglj  t  the  mh  of  tlw  wiiiff  aod  giToa  off 
tm  tenobM ;  tke  opper  on*,  carving  iligfatlj  npwkrcu,  onitM  witli 
Ih*  lomr  or  third  nibdivinoD  of  Ul,  «,  koA  rowdiM  the'  lowar 
iiMit  InvcIm:  «t  V ;  tb«  lower  bnaoh  lobdividea  into  two,  the 
i^far  DunirB  renohing  the  nMigin  ainglv,  tbs  lowar  anbdividing 
im  two  ba&R*  ending  kboat  m  raiMu  or  lower  half  <rf  Ae 
fiaiMtor border;  the onbitu  (VII)  U  moatly  hidden  br  the  piniuile 
•fa  ftn-lee(  bnt  As  diraotimi  it  foUowa  ia  indioeted  hj  a  dotted 
Hhl  It  leaflliea  the  margin  in  two  branohea.  Foar  anal  or  baaal 
iKnrw  &Uow,  all  of  whioh  are  umple  and  have  no  dkdiotoiBiea. 


I  lUTa  already  saggeeted '  to  the  diiooverer  of  tbia  intereating 
•pecimon  thnt  it  wu  probably  nearly  related  to  LHhomanlif 
<ario«in'i«,  H.  Woodward,  fi)fiired  and  ileacribed  by  me  (Quart. 
Jonm.  Geol.  Soo.,  1B76,  toI.  xxxii,  pp.  00-62,  pi.  ix,  fig.  1)  from  the 
Cul-meaBuree  of  Sootland,  and  also  to  tbe  ranch  earlier  described 
^S  of Lithomatitii  {Cori/datiB)  Brongntarti  (Audouin),  Q.  A.  Maotell, 
from  Coalbrookdale. 


'o  ilia  great  work  on  tbe  "  Histoire  (lea  Inaeotes  Fossiles  dea 
*«iip«  Primaitea  "  (1893),  M.  Charles  Broogniart  has  figured  and 
>  Gmol.  Mta.,  1903,  p.  62i. 


d<      iV.  B.  Wm 


t  domttj  aJBti  to  A»  ahem,  wVA  hm 


=-*^ffi*pJ2; 


howerer,  jostified  the  adoption  of  the  Ut«r  geiMrio  nme 
HtMowftera,  on  th«  gronnd  that  he  fonnd  tha  Comiaantlj 
insect  did  oot  ■ctDkll;  sgne  with  the  linng  MAJTrmv.  Bat 
altbongh  thef  oi^^t  to  be  referred  to  different  generK,  tiuj  im 
not  far  removed  from  one  another,  and  thej  both  poaseaa  wiag-Uke 
expansions  on  the  prothoiax.  Theee  forms,  UlkowtmOi*,  FoMqwem, 
HoMoioplera.  aod  thirteen  other  genera  enumerated  bj  H.  Brongniu^ 
are  arranged  by  him  under  the  family  Plattptkmida. 

He  coniiden  all  these  insects  to  be  Seuroprera  in  their  genonl 
characteT? ;  Ihej  attain  to  a  large  sise,  the  smallest  not  being  lea 
than  nine  ceotimetrea  across  the  wings.  They  ate  all  extinat 
fomiB,  the  groop  to  which  they  may  best  be  compand  bmng  the 
EPHEXEBiDf.  They  differ  in  the  character  of  the  nerrstion  of 
tlieir  wiDgs ;  the  radios  is  not  simple,  but  more  or  less  didtotominiij^ 
as  well  seen  ia  our  Fig.  1  (Illl  ;  farthermore,  the  seoood  pair  of 
wings  are  larger  and  more  developed  than  the  first  pur,  wnidt  ia 
not  the  case  in  living  Ephemera.  These  insects,  as  is  oommoa  vitti 
n<^arly  all  the  fossil  genera,  are  only  known  to  ns  (as  a  mle)  by 
th«ir  wings,  their  bodies  and  limhs  being  extremely  lars,  MM 
seldom  fouad  complete  in  the  Coal-measures  or  in  other  old  deposab 
yielding  fossil  insects. 

It  ia  doubtful  whether  the  wing,  now  figured  for  the  fint  tioii^ 
from  Mr.  Stobbs'  oolleclion,  ia  specifioally  distinct  from  LitkomMalU 
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Miinan'iu,  but  it  is  certainly  important  to  record  iU  iliacovery  iit 
UieStaffordibireCoalfieia. 


tm,  fi.— Wing  of  Tuiqnea  eambirntit,  ti.Kp.,  [rum  tliD  Cllul-lll['n^<ul1's  uF  Siiutli 
Tslw.  X  2.  Keprodunjd  tii>iii  Mr.  1[.  A.  AlknV  tkiiht  (sii;  Grja..  SEai;.. 
1901,  p.  68). 


1901,  p. 

It  ii  TSiy  diitiiiat  in  geneTHi  form  Troni  Fonqiiea  cimibrenaiK, 
Sgatai  and  described  by  Ur.  H.  A.  Allen.  F.G.S.,  from  the  Coal- 
awHBm  of  South  WaleB,  but  it  certainly  belongs  to  thu  fsame 
granp  M  LUkomanlii  and  to  the  family  pLATYPTKHinA. 


T.-~Oa  THB  Pbsmian  and  Tkiasbic  Faunas  of  .Suutu  Afkica. 
By  Ptofesw  It.  Bkwim,  M.D.,  D.S«.,  \iH.>m  C<i\v^v,  St.'Uiiil...-ili. 

FTIL  recently  very  little  altcnitit  has  beun  uiiuh-  ti>  claKxify 
the  reptilian  fossilx  of  tho  Karroo  Ifels  iioiionliuf;  to  their 
geological  horizonf.  Seeley  recoguined  (lertiiiii  ziiiius — (I)  tin- 
zone  of  Mesoeiturx.  (2)  tho  zone  »f  VarQiMmm,  (:!)  tlio  zone  of 
Dicynodonts,  (4)  the  itone  of  spcoiuliiied  Tlieriodonls,  and  (H)  tlio 
zone  of  ZanclodontH.  While  tho  iirdcr  of  these  zones  iH  corrootly 
given  tbey  do  not  cover  the  whole  period,  and  the  tliird  zone  is  an 
unnatural  one. 

As  the  reEult  of  the  work  of  tho  last  fuw  ycnrs,  it  is  imw  possible 
to  Eubdivide  the  Karroo  Bedx  with  some  degree  of  iicciii'!u.^y  inti> 
a  nnmber  of  fairly  well-marked  distinct  famins.  At  tho  rec(.'ni 
meeting  of  the  British  AsHocialion  a  paper  wax  read,  whioh  will 
appear  elsewhere,  giving  the  details  of  recent  work.  Ax.  however, 
much  interest  is  at  present  beiog  ttikeu  in  the  I'l-iasaic  futinas  of  liotb 
Europe  and  America,  a  summary  of  the  concliisionii  coiiio  to  iiiiiy  bu 
of  use  to  workers  io  the  northern  beuusphere. 

llie  most  recent  rooks  of  the  Karroo  Series  nro  tjje  Upper 
Stormberg  Beds.  These  contain  remains  of  the  Dinosains  ilfaMc- 
$pondi/hi».  Euakelfaaitrua,  and  IlortatotarsHS,  and  of  the  .small  ci-ocodile 
Koloehampia.  As  Solockampta  is  a  true  crocodile,  wo  may  safely 
refer  the  beds  to  Lower  Jurassic,  more  especially  as  the  Lower 
Stormberg  or  Molteno  Beds  immediately  bolow  have  been  referred 
by  Seward  from  the  evidence  of  the  plant  remains  to  tlie  Khnitic. 

Below  the  Molteno  Beds  wo  como  to  the  Ci/nognnlhiin  lJed.~, 
corresponding  to  the  'specialised  Tberiodonf '  none  of  Sec\ey.    \u 
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these  beds  there  is  a  very  rich  fauna,  of  which  the  most  charaoteristii 
forms  are  the  extremely  mammal-like  Cynodont  reptiles,  Oynognaikui 
Oomphognathui,  etc.  Other  noteworthy  forms  are  the  large  Phyto 
saur,  Eryihrosuchua ;  the  Gnathodont,  Bhwesia,  a  small  form  allie< 
to  Hjfperodapedon ;  a  species  of  Cyelotoaaurua,  and  a  species  o 
Ceratodus.  There  seems  little  doubt  that  these  beds  are  of  Uppe 
Triassic  age. 

Qndemeath  these  we  come  to  a  distinct  but  allied  fauna  cbaiao 
terised  by  the  abundant  remains  of  the  primitive  reptile  Procolopkot^ 
Other  forms  are  Paliguana,  the  oldest  known  true  lizard,  ant 
ProterosuchuSf  a  Rhynchocephalian  which  shows  some  affinity  ti 
the  Phytosaurs.  These  beds  are  called  the  Proeolophon  Beds,  an< 
may  be  of  Middle  Triassic  age. 

Below  these  are  extensive  beds  in  which  land  forms  are  very  rare 
but  in  which  are  abundant  remains  of  the  aquatic  Anomodont,  Lystro 
sauruSf  and  the  fish  Atherstonia.  These  are  called  the  Ly$lro8awru 
Beds,  and  they  are  believed  to  be  of  Lower  Triassic  age. 

Underneath  these  Lystrosaurus  Beds  we  come  to  rocks  in  whid 
land  forms  are  again  numerous.  Three  fairly  well-marked  zonei 
are  recognised :  (1)  Kisleeephalua  Beds,  (2)  Endothiodon  Beds 
(3)  Pareiasaurus  Beds.  In  all  of  these  remains  of  Dicynodon  an 
met  with,  but  it  is  in  the  Endothiodon  Beds  that  Dicynodon  anc 
Oudenodon  are  met  with  in  greatest  abundance.  All  the  oamivorooi 
reptiles  of  this  period  are  either  Therocephalians  or  Dinocephaliana 
All  three  zones  are  believed  to  be  of  Upper  Permian  age. 

Below  the  Fareiasaurua  Beds  a  few  reptiles  have  been  found  it 
the  Ecca  Beds,  but  most  of  the  remains  are  very  imperfect.  Memh 
aaurus  is  found  in  the  Upper  Dwyka,  and  may  be  assumed  to  be  oi 
Lower  Permian  age. 

While  it  is  perhaps  unwise  to  place  too  much  weight  on  th< 
evidence,  the  South  African  faunas  seem  to  afford  a  little  new 
light  on  the  age  of  the  Elgin  sandstones.  The  Stagonolepia  Beds, 
which  contain  Stagonolepia,  Ornithoauchua,  Erpetoauchua,  Stenometopon^ 
Hyperodapedon,  and  Telerpeton,  seem  to  correspond  to  the  Oynognathiu 
Beds  of  South  Africa,  which  contain  Erythroauchuaf  JSoweaia,  and 
Thelegnathua,  forms  all  allied  to  those  of  Elgin.  If  this  be  so,  then 
the  Stagonolepia  Beds  may  be  regarded  as  Upper  Triassic. 

The  Gordonia  Beds,  containing  Gordonia,  Geikia,  and  Elginia, 
resemble  most  closely  the  Fareiaaaurua  Beds  of  South  Africa  with 
Dicynodon,  Oudenodon,  and  Fareiaaaurua,  The  resemblance,  how- 
ever, is  much  closer  to  the  Russian  forms  of  the  Upper  Permian 
of  the  Dwina,  and  it  seems  probable  that  the  Elgin  forms  are 
descendants  of  the  Russian,  as  the  Russian  probably  are  of  the 
African.  We  may  conclude  that  the  Gordonia  Beds  are  either 
Upper  Permian  or  Lower  Triassic,  more  probably  the  former. 

(See  also  Abstract  of  paper  by  Prof.  Broom  on  the  Classification 
of  the  Karroo  Beds  of  South  Africa,  p.  36.) 
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VL—Bkhasks  ok  thb  Ibbkgulab  Eohinoids  of  the  Whitb 
CsALK  OF  England  as  exhibited  in  the  British  Museum 
(Natubal  Histobt). 

.   By  C.  Dayies  Sheebobn,  F.O.S. 

HAVING  been  asked  by  Dr.  Smith  Woodward  and  Dr.  Bather 
to  look  over  the  oollection  of  Irregular  Eohinoids  from  the 
English  Chalk  in  the  British  Mnseum  with  a  view  to  bringing  the 
exhibition  up  to  date,  it  appears  a  favourable  opportunity  to  say 
a  few  words  as  to  the  nomenclature  and  distribution  of  these  animals. 

Until  Dr.  A.  W.  Bowe  has  completed  his  study  and  given  us  the 
result  of  his  examination  of  his  own  splendid  collections,  it  is  im- 
possible to  give  more  than  a  brief  outline  of  the  subject,  for  he,  and 
he  alone,  has  the  material  necessary  for  a  detailed  report  The  bulk 
of  the  material  in  our  National  Collection  has  been  acquired  by 
donation  or  purchase,  and  that  at  a  time  when  zones  or  localities  were 
oonaidered  of  little  importance,  whereas  Dr.  Rowe's  material  has  all 
been  oolleoted  by  two  persons,  with  the  definite  object  of  showing 
the  evolution  of  the  animals  and  the  resulting  progressive  change 
into  forms  of  more  or  less  value.  While,  therefore,  the  National 
Collection  is  invaluable  from  a  zoological  point  of  view,  it  is 
practically  valueless  for  Evolutional  Palasozoology.  The  present 
exhibit  has  been  obtained  by  the  help  of  others,  and  the  authorities 
have  to  thank  Messrs.  Bather,  Chatwin,  Dibley,  Rowe,  Sherbom, 
and  Withers  for  specimens  which  show  more  or  less  completely  the 
history  of  each  species  as  it  is  followed  successively  upward  in  the 
zones  of  the  White  Chalk  of  this  country.  It  has  not  been  possible 
to  acquire  specimens  from  each  zonal  occurrence  of  the  rarer  species. 

I  will  take  the  forms  seriatim,  making  such  notes  as  seem 
necessary  as  I  proceed  : — 

^hinocorys  scuintuSy  Leske  :  Addit.  ad  Klein,  Nat.  Dispos.  Echin., 
1778,  p.  175,  pi.  XV,  figs.  A,  B.  This  is  the  earliest  name  for 
this  urchin.  Leske  does  not  say  where  the  type  came  from, 
but  it  is  a  cor-anguinum  form.  The  eynonyms  of  this  species 
are  JS,  ovatuSf  Leske,  Addit.  ad  Klein,  etc.,  p.  178 ;  E.  vulgaris, 
Orbigny  {ex  Breyn),  Pal.  Fran9.  (Cret.  Ech.),  1854,  p.  62, 
pis.  805,  806.     Kange  :  H.  planus  zone  to  Danian. 

^Wiw  alhogalerus,  Leske  :  Addit.  ad  Klein,  Nat.  Dispos.  Echin., 
1778,  p.  162,  pi.  xiii,  figs,  a,  b.  This  is  the  earliest  name  for 
this  urchin.  Leske  does  not  say  where  his  type  came  from, 
but  it  is  a  somewhat  low  (depressed)  form  from  the  cor- 
anguinum  zone.  The  synonyms  are  Galerites  alhogalerus 
(Leske),  Lamarck,  Anim.  sans  Vert,  iii,  1816,  p.  20,  and 
Echinoconus  conicus,  Orbigny  (ex  Breyn),  Pal.  Frang.  (Cret. 
Ech.),  1860,  p.  513,  pi.  996.  Range  :  M.  cor-testudinarium  to 
A.  quadratus  zones. 

^Oftu/ttj  orbignyanus  (Ag.).  Galerites  orhignyana,  Agassiz,  Mon. 
Ech.  (Galerites),  1842,  p.  22,  pi.  iii,  figs.  5-8.  This  is  the  little 
bun-shaped  Conulus  found  at  Trirainghara  and  in  (?)  the  uppw 
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part  of  the  mueronata  zone  at  Norwicli.  Brydone,  ia 
*'  Stratigraphy  and  Fauna  of  the  Trimmingham  Chalk,'*  1900«i^ 
p.  12,  refers  this  to  '  JSchinoconus  (ahbreviaUu  ?),'  but  Dr.  BaUier^= 
has  carefully  gone  into  the  matter  with  me  and  agrees  that  the^ 
determination  with  orhignyanus  of  Agassiz  is  correct.  Range  r= 
(?)  upper  part  of  B,  mueronata  zone  and  the  Danian  Chalk  ol 
Triminghara. 

Canulus  globtdm  (Desor).     QaleriUi  globulm,  Desor  [»on  Leske], 
Mon.  Eohin.  (Qalerites),  1842,  p.  18,  pi.  iy,  figs.  1-4.     Banget. 
Maraupites  zone. 

Convlus  8uhrotundu8f  Mantell :  Greol.  Sussex,  1822,  p.  191,  pi.  xrii, 
figs.  15-18.     Range  :  T,  graciU$  and  B.  cuvieri  zones. 

Contdus  ca8taneu8  (Brongniart).  Nncleolites  easianeua,  Brongniait, 
Oeol.  environs  Paris,  1822,  pi.  ix,  fig.  14.  Range  :  T.  graettU 
and  R.  cuvieri  zones. 

Diseoidea  dixoni,  Forbes.  Galerites  (Diseoidea)  dixoni,  Forbes,  in 
Dixon,  Geol.  Sussex,  1850,  p.  341,  pi.  xxiv,  figs.  13, 14.  Range : 
B,  cnvieri  to  J7i  planm  (1  example)  zones. 

MieraBter  cor'anguinum  (Leske).  Spatangus  cor-anguinum,  Leske^ 
Addit.  ad  Klein,  Nat.  Dispos.  Eohin.,  1778,  p.  221,  pi.  zxiii, 
Gg,  0  (anglicum).  Range  :  M,  cor'anguinum  to  B.  mucronaia 
zones. 

Micraater  cor-testudinnrium  (Goldfuss).  Spatangus  cor*te8tudhuiniKmt 
Ooldfuss,  Petref.  German.,  1829,  p.  156,  pL  zlviii,  fig.  6. 
Range  :  E,  planm  to  base  of  M.  eor-anguinum  zones. 

MieraBter  precursor,  Rowe :  Quart.  Joum.  Geol.  Soa,  voL  Iv  (1899), 
p.  530.  Range  :  top  of  T.  gracilii  (1  example)  to  base  of 
M,  cor-anguinum  zones. 

Mieraster  leskei  (Des  Moulins).  Spatangm  leshei,  Des  Moulms, 
Etudes  Eohin.,  1837,  pt  3,  p.  392.  Range:  B.  eumeri  to 
H.  planus  zones. 

Mieraster  cor-bovis,  Forbes :  in  Dixon,  Geol.  Sussex,  Ist  ed.,  1850, 
p.  342.  pi.  xxiv,  figs.  3,  4.  Range  :  B.  euvieri  to  base  of 
M.  cor-testudinarium  (2  examples)  zones. 

Epiaster  gibbus  (Lamarck).  Spatangus  gibbus,  Lamarck,  Anim. 
sans  Vert.,  iii,  1816,  p.  33.  Range  :  M,  eoT'testudiuarium 
(1  example)  to  Ilarsupites,  and  B.  mueronata  zones. 

InfvXaster  excentricus  (Rose).  Spatangus  excentrieus,  C.  B.  Rose,  in 
Woodward,  Geol.  Norfolk,  1833,  p.  37,  pi.  i,  fig.  6.  Range: 
M.  cor-anguinum  to  B.  mueronata  zones  (teste  Cret.  Rocks  Brit, 
iii,  Mem.  Geol.  Surv.,  1904,  p.  500).  Recorded  by  Bomet 
(Geol.  Mag.,  1904,  p.  175)  from  the  Jlolaster  planus  zone  of 
Lincolnshire.  The  type  came  from  the  Norwich  gravels.  Only 
known  to  Rowe  and  myself  from  the  M.  eor-anguinum  zone ;  not 
seen  from  Marsupites  or  A,  quadratus  zones ;  not  in  the  Fitch 
Collection,  and  not  found  by  us  in  the  B.  mueronata  sone  at 
Norwich  or  elsewhere.  If  a  specimen  were  found  below  the 
M.  cor'anguinum  zone,  we  should  suspect  it  to  be  CarXasier 
cotteauanusy  but  the  material  yet  known  is  not  sufficient  to  work 
out  the  relationships  and  differences  of  these  two  forms. 
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JXs^mowia  roiirai^  (Forbes).      Cardiaaier  roMlratua,  Forbes,  Fig. 

Brit  Org.  Bern.,  Mem.  Oeol.  Sarv.  U.K.,  deo.  It,  1852,  p.  3, 

pL  z.       InfidoMter  rogiraiui,  Wright:  Pal.  Soc.  (Cret  Eoh.), 

I88I9  p.  307.    Hagenowia  ro$iratu8,  Duncan :  Joum.  Linn.  Soo. 

(Zool.),   xxiii,   1889,   p.  211.      Bange:    M,  cor'teatudinarium 

(1  example,  Yorkshire)  to  A.  quadratus  zones. 

ler  minimus  (Agassiz).     Microiter  minimui,  Agassiz,  Eohin. 

Suisse,  i,  1839,  p.  26,  pi.  iii,  figs.  16-18.     Bange :  E.  euvieri  to 

M.  coT'testudinartum  zones. 
BtiUuter  planus  (Mantell).     8paiangu$  planus,  Mantell,  Qeol.  Sussex, 

1822,  p.  192,  pi.  xvii,  figs.  9  and  21.    Bange :  top  of  B.  euvieri 

(1  specimen)  to  base  of  M.  eor-lestudinarium  zones. 
HdatUr  placenta,  Agassiz :  Cat.  Sjst  Ect.  Eoh.,  1840,  p.  1 ;  ModMe  2 ; 

Ann.  Sci.  Nat  (3),  Yiii,  1847,  p.  27.     Bange  :  top  of  E.  euvieri 

(1  specimen)  to  A.  quadratus  zones.    Very  rare  except  in  the 

Mieraster  zones. 
C»diasier  ananchytis  (Leske).    Spatangus  ananchyiis,  Leske,  Addit 

ad  Klein,  Nat  Dispos.  Echin.,  1778,  p.  243,  pi.  liii,  figs.  1,  2. 

Bange  :  M,  cor-anguinum  (1  specimen)  to  Danian.    Common  in 

^ua^atus    chalk,   Yorkshire ;     common   in  mucrenata  chalk, 

Norwich. 
(^iiaster   pygmaus,  Forbes  :    Ann.    Mag.    Nat.  Hist    (2),  yi, 

1850,  p.  444  (name  only) ;  Forbes,  Fig.  Brit.  Org.  Bem.,  Mem. 

Qwl.  Surv.  U.K.,  dec.  iv,  1852,  p.  4.     Bange  :  B,  euvieri  zone. 
Oardiaster     colteauanuSf     Orbigny  :     Pal.    Fran<,'.     (Cret.    Eoh.), 

1855,   p.    140,    pi.   830.       Bange  :     H.  planus   and   M,   cor- 

testudinarium  zones. 
CardiaBter  cretaceus  (Sorignet).   Holaster  cretaceus,  Sorignet,  Oursins 

fossiles  Eure,  1850,  p.  69.     Bange  :   B.  euvieri  and  T.  gracilis 

zones. 
Offatter piluJa  (Lamarck).    Ananchytes  pillula  (sic),  Lamarck,  Anim. 

sans  Vert.,  iii,  1816,  p.  27.    Bange  :  Marsupites  (2  or  3  known), 

A,  quadratus  zone  (common)  ;  known  from  B,  mucronala  zone. 

The  information  as  to  range  has  been  obtained  from  Bowe  and 
8herbom*8  papers  on  the  White  Chalk  in  the  Proc.  Geol.  Assoc, 
1900-19O4  (see  Index  to,  etc.,  idem,  vol.  xviii,  pt.  7,  1904, 
Pp.  375-384),  and  Dr.  Bowe's  unpublished  notes ;  and  the  exact 
distribution  and  history  of  the  genus  Mieraster  can  be  seen  in  Quart. 
Joum.  Geol.  Soc,  vol.  Iv  (1899),  pp.  494-546.  I  have  received 
iDuch  assistance  from  Dr.  Bather  during  the  progress  of  this  work. 

^I.— Lists  op  Wenlookian  Fossils  from  Porthluney,  Cornwall  ; 
LuDLOwiAN  Fossils  from  Porthalla  ;  and  Taunusian  Fossils 
from  Poltnb  Quarry,  near  Looe,  Cornwall. 

By  Uppibld  Green,  F.G.S.,  and  C.  Davies  Sherborx,  F.G.S. 

Fthe  Autumn  of  1904  we  had  the  good  fortune  to  find  in  the 
"Slates  with  inclusions"  at  Porthluney,  near  Gorran,  Cornwall, 
^  lenticle    of   limestone   which   has   yielded   a    small  but    satis- 
*^ry  series  of  forms  allowing  its  reference  to  the  Wenlockiau  \)^^^, 
dicadb  v.— T£)i.  ///.— ir<?.  J.  "^ 
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In  the  GioLooiOAL  Maoabim,  July,  1904,  p.  289,  om  of  os  hdl  tea 
pleasnre  of  reoording  the  ooonrrenoe  of  Ladlow  foarils  at  thia  spot 
m  the  same  beds,  and  that  disooyery  renders  the  present  one  of 
additional  interest.  The  fossils,  which  haTe  been  handed  orer  to 
the  Geological  Survey,  are  as  follows  :— 

Piilodietya  laneeolaia,  Lonsd. 

Fenestella  a««tmt7t8,  Lonsd. 

^estella  cf.  B.M.,  D  571,  from  Wenlockian  of  Dudley. 

Fenestella  sp. 

Millspora  of.  rejiem  (L.). 

Montiouliporid,  ramifying  through  the  whole  mass  of  the 
lenticle. 

^hynchoireta  cuneata  (Dalm.). 

^phiccelia  striata  (Sow.). 

^rincBa  sp. 

In  the  Autumn  of  1905  we  again  visited  Porthalla,  and  after 
workmg  three  days  found  another  fossil  in  the  "Slates  witl» 
molusions"  on  the  beach  of  Nare  Cove.  This  was  a  pyritized 
^^^^^^^^9  comparable  with  0.  huUatum,  Sow.,  and  0.  tnrgatui.  Sow., 
both  of  Ludlow  age,  and  distinct  from  the  forms  found  similarly 
Bameralized  in  the  Devonian  beds,  by  reason  of  the  oasts  of  its 
siphunoular  chambers  being  barrel-shaped  instead  of  parallel-sided. 
It  is  preserved  in  the  British  Museum  and  registered  as  B.lLi 
C  10529. 

Three  days  work  at  Polyne  Quarry,  in  the  Taunusian  bedi^ 
yielded  thousands  of  fossils.  The  bulk  of  these  are  in  so  bad  a  state 
that  it  is  difficult  to  recognize  even  the  genus,  but  careful  oolleoting 
And  a  knowledge  of  the  better  specimens  to  be  obtained  in  Germany 
render  it  a  comparatively  easy  task  to  select  sufficient  identifiable 
examples.  The  following  list  shows  the  fossils  obtained,  the  more 
interesting  of  which  have  been  placed  in  the  British  Moseum 
(Nat.  Hist)  :— 

Fenestella, 

Pachypora, 

Petraia  pauctradiata  (Phillips).     B.M.,  B  7602,  7603. 

Petraia  celtica  (Lamouroux).     B.M.,  B  6079. 

Petraia  radiata,  Muenster.     B.M.,  B  7496,  7561. 

Petraia  punctatocrentdata,  Boemer.     B.M.,  B  6978. 

Petraia  gtgas,  McCoy.     B.M.,  B  2833,  613. 

Pleurodictyum  prohlematieum,  Goldfuss.     B.M.,  B  6072,  6973. 

Zodanella  mira,  Kayser.     B.M.,  P  7697. 

Neritopsis.     A  fine  series,  some  showing  a  broad  expanded 

mouth.     B.M.,  A  1158-1160. 
Phacops  ferdinandi,  Kayser.     Six  quite  typical  eyes,  one  of 

which  showed  part  of  the  head-shield.    B.M.,  1 7238,  7234. 
Strophodonta  gigaa,  McCoy. 
Streptorhynchus, 
Athyria  cf.  undata,  Defr. 
BhynehoneUa» 
JRensellaria. 
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OrHns  personata,  Zeill. 
OrtMs  vtdvaria,  Sohl. 
(hikis  dretdaris,  Sow. 
Spirifer  prinunuSy  Stein. 
Spiri/er  subcuspidatus,  Sohnnr. 
Spirifer  of.  hysterieuSp  Sohl. 

Crinoid  oolamnars,  some  very  large,  f  inoh  aoross.      B.M., 
E  14062. 

The  Lodandla,  wbiob  was  obtained  by  tbe  last  driye  of  tbe  orow- 
hr,  is  magnifioent  and  quite  equal  to  tbe  type-speoimen. 

It  is  boped  tbat  tbese  lists  will  stir  up  otbers  to  searob  for  fossils 
in  this  interesting  area.  We  are  moob  indebted  to  Mr.  G.  0.  Criok 
and  Mr.  W.  D.  Lang,  wbo  bave  most  oarefiilly  examined  and  belped 
08  witb  some  of  our  material. 


British  Association  fob  the  Adyanobmcnt  of  Soisnoe. 
Mssmio  in  South  Africa,  August  15th  to  Sept.  Ist,  1905. 
Papers  read  before  Section  C,  Obologt. 

I— On    the   Bblation    between    Ore  Veins   and   Pegmatites. 

By  Professor  B.  Beck. 

THE  autbor  gave  a  summary  of  tbe  latest  investigations  on  tbe 
origin  of  pegmatites,  by  W.  C.  Brogger,  H.  Bosenbusob, 
S.  Arrhenius,  J.  H.  L.  Vogt,  U.  Grubenmann,  and  others.  In 
conformity  witb  these  authors,  he  explained  pegmatites  as  products 
of  crystallisation  from  the  superheated  water,  which  remained,  after 
the  consolidation  of  a  plutonic  magma,  as  a  concentrated  solution 
containing  many  of  the  rarer  chemical  elements  and  compounds 
formerly  distributed  through  the  whole  fluid  mass.  Being  retained 
in  the  depths  of  a  plutonic  focus  under  high  pressure,  these  remains 
of  magma  tic  water  could  pass  through  a  very  gradual  process  of 
cooling;  whereas  the  so-called  'juvenile'  thermal  waters  (Juvenile 
Quellen)  of  similar  origin  found  their  way  to  the  upper  parts  of  the 
earth's  crust,  and  caused  there  the  formation  of  minerals  at  lower 
temperatures  and  pressures. 

Most  ore  veins  belong  to  the  second  class,  but  a  considerable 
number  of  occurrences  may  be  styled  metalliferous  pegmatites. 

The  best  known  examples  of  these  are  found  in  the  group  of  tin 
ores,  and  as  sucli  were  discussed  the  ore  veins  of  Zimwald,  Graupen, 
Embabaan,  and  others. 

As  examples  of  copper  ores  were  cited  those  of  Telemarken  in 
Norway  ;  and  finally  some  gold-bearing  quartz  reefs  were  described 
which  are  very  nearly  related  to  pegmatites,  and  that  not  merely 
by  their  characteristic  mineralogical  composition  (Berezowsk, 
Southern  Appalachians,  Yukon  District,  Passagem,  and  other 
instances  in  Brazil).  It  may  be  mentioned  in  proof  of  this  that 
certain  gold  quartzes  contain  tourmaline,  the  characteristic  miUQioA. 
of  all  pegmatites. 
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IL — The  Classification  or  ths  Karroo  Bbdb  of  South  Africa. 

By  Professor  R  Broom,  M.D.,  B.Sa 

AN  attempt  is  made  from  the  study  of  fossil  remains  to  gite 
a  more  satisfactory  subdivision  of  the  Karroo  System  than  has 
hitherto  been  possible.  The  larger  subdivision  into  the  Dwyka» 
Eooa,  Beaufort,  and  Stormberg  Series  is  retained. 

The  Beaufort  Beds  are  divided  into  series.  The  lowest  is 
characterised  by  the  presence  of  Therocephalians  and  Anomodonts. 
These  lower  beds  can  be  again  divided  into  an  earlier  series,  in 
which  occur  Pareio$aurua  and  TilanoBuchtu,  and  a  later  series 
characterised  by  the  prevalence  of  Dicynodon  and  Oudenodon. 

Above  the  Lower  Beaufort  Beds  occur  a  Middle  series,  charaoterised 
by  the  rarity  of  reptilian  remains  other  than  of  LystroBaurus,  whiob 
is  very  abundant 

The  Upper  Beaufort  Beds  are  characterised  by  the  presence 
of  the  Theriodonts.  In  the  earlier  subdivision  of  these  upper  beds 
Procolophon  is  the  most  characteristic  fossil,  and  in  the  upper  the 
Theriodont  Trirachodon. 

The  Stormberg  Beds  appear  to  be  divisible  into  two  groups — 
a  lower,  the  Molteno  Beds,  and  an  upper,  which  includes  the  Bed 
Beds,  the  Cave  Sandstone,  and  the  Volcanic  group. 

The  Dwyka  and  Ecca  Series  are  believed  to  represent  the  Lower 
and  Middle  Permian  of  Europe,  and  the  Lower  j3eaufort  Beds  the 
Upper  Permian. 

The  Middle  Beaufort  and  Upper  Beaufort  Beds  are  believed  to 
correspond  to  the  Lower  and  Upper  Trias  of  Europe. 

The  Stormberg  Beds  are  believed  to  be  Lower  Jurassic  or  Bhsdtic, 
and  the  Upper  Stormberg  Beds  Lower  Jurassic. 


III. — Thk    Stormbrro    Formation    in    the   Cape   Colony.     By 

Alex.  L.  du  Toit,  B.A. 

THE  Stormberg  Formation  is  the  uppermost  division  of  the  Karxoo 
System  in  South  Africa,  and  builds  up  the  whole  of  Basutolsnd 
and  the  adjoining  portions  of  the  Cape  Colony,  the  Orange  Biver 
Colony,  and  Natal.  In  the  Cape  Colony  the  tract  occupied  by  this 
formation  is  confined  to  the  immediate  neighbourhood  of  the 
Drakensberg  Range,  widening  out  considerably  in  the  south-west 
over  what  is  known  as  the  Stormberg  area. 

The  Stormberg  series  is  subdivided    as  follows  in  downward 
succession : — 

(4)  Volcanic  Beds, 

(3)  Cave  Sandstone, 

(2)  Red  Beds, 

(1)  Molteno  Beds. 
The  strata  lie  nearly  horizontally,  or  are  only  inclined  at  low  angles, 
consequently  the  lower  divisions  crop  out  along  the  foot  of  the 
mountain  ranges,  while  the  upper  beds  form  all  the  higher  ground. 
The  Molteno  Beds  consist  of  a  thickness  of  1000-2000  feet  of 
sandstones,  with  thin,  dark  shales  and  mudstones  and 
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coal-seama.  Arenaceous  material  is  predominant,  and  the  sandstones 
Taiy  firom  fine-grained  grey  felspathio  varieties  to  ooarsely  crystalline 
'glittering '  sandstones,  with  small  pebbles  of  yein-quartz.  Boulders 
of  hard  white  or  brownish  qnartzite,  deriyed  evidently  from  the 
Oqpe  Formation,  are  common,  usually  scattered  irregularly  throughout 
tbe  sandstone  beds,  but  occasionally  forming  conglomerate  bands. 
He  coals  are  thin,  and  contain  from  15  to  30  per  cent,  of  ash,  but  are 
the  only  workable  deposits  in  the  Cape  Colony.  Fossils  are  almost 
entiiely  those  of  plants,  e.g.,  Thinnfeldia,  Taniopteris,  CalUpteridium^ 
«to.,  from  which  the  Bhsetic  age  of  the  beds  has  been  deduced. 

The  Bed  Beds  are  more  argillaceous  in  character,  and  consist 
of  600-1600  feet  of  strata,  in  which  red  and  purple  shales, 
madstones,  and  sandstones  are  predominant,  though  thick  beds  of 
fine-grained  white  sandstone  are  also  common.  Fossil  remains  are 
oluefly  those  of  carnivorous  Dinosaurs,  such  as  Euskelesaurus  and 
Matsospondjflus, 

The  Gave  Sandstone  is  a  thick  bed  of  fine-grained  felspathio 
flaadstone,  usually  white  or  yellowish  in  colour,  and  of  very  striking 
ippearance.  As  a  rule,  it  is  unbedded  throughout,  except  towards 
ite  sommit,  or  less  commonly  towards  its  base.  In  some  places  it 
ittains  a  thickness  of  800  feet,  but  as  a  rule  it  varies  from  150  to 
^0  feet.  In  a  few  places  the  Cave  Sandstone  is  entirely  absent,  and 
the  volcanic  beds  rest  directly  upon  the  red  beds.  The  Cave 
Sandstone  weathers  into  most  fantastic  outlines,  and  gives  rise  to  very 
peculiar  scenery  along  the  Drakensberg. 

The  sediments  of  the  Karroo  System  were  deposited  in  a  great 

inland  sea,  '  the  Karroo  Lake,'  in  which  the  water  was  either  fresh 

or  slightly  braokish,  and  not  very  deep.     During  the  formation  of 

the  Stormberg  rocks  the  shore-line  stretched  where  the  coast  ranges 

of  the  south  of  the  Colony  now  rise,  and  extended  eastwards  into  the 

Indian  Ocean,  and  then  north-eastwards  parallel  to  the  coastline  of 

NataL     This  old  land  surface  was  formed  of  rocks  belonging  to  the 

Cape  and  Pre-Cape  Systems,  quartzites,  granites,  and  metamorphio 

rocks. 

During  Cave  Sandstone  times  volcanoes  came  into  existence,  and 
great  eruptions  of  basic  lavas  took  place.  Over  100  volcanic  necks 
have  been  mapped  by  the  Geological  Survey,  some  of  which  are 
over  a  mile  in  diameter.  Many  of  the  pipes  are  filled  with  siliceous 
breccias,  or  with  fine-grained  sandstone-like  tufis.  The  erupted 
material  consists  almost  entirely  of  basic  lavas,  compact  to  vesicular, 
the  most  interesting  variety  of  the  latter  being  the  *  pipe-amygdaloid'; 
enstatite-andesites  occur  in  a  few  places.  Beds  of  volcanic  ash  are 
met  with  in  Barkly  East  and  around  Jamestown.  In  the  former 
district  there  are  frequent  alternations  of  lava,  ash,  and  sandstone, 
the  even  bedding  and  passage  of  sandstone  into  ash,  either  laterally 
or  vertically,  pointing  conclusively  to  sub-aqueous  eruptions.  The 
later  flows  were  probably  subaerial. 

At  the  close  of  the  volcanic  outbursts,  after  2000-5000  feet  of 
lavas  had  been  erupted,  the  area  was  affected  by  gentle  folds  by 
which  the  direction  of  flow  of  the  Kraai  and  Orange  KWeis  ^^ 
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determined.  Then  followed  the  gigantic  and  ezfcensiye  intnuioiiB  if 
dolerite,  which  at  the  preeent  day  form  such  a  oonspionona  feafcam 
in  the  scenery  of  the  Karroo. 

The  interior  of  the  colony  was  intermittently  elevated^  and  the  dd 
land  surface  in  the  south  disappeared  beneath  the  waters  of  the 
Indian  Ocean.  A  series  of  peneplainsi  or  plains  of  riyer-erosicnv 
mark  the  periods  of  rest  and  elevation  of  the  country,  the  highest 
of  which  is  now  found  at  an  altitude  of  a  little  over  8,000  feet  above 
sea-leyel.  The  plateau  of  the  Drakensberg  has  been  deeply  cut  into 
on  the  west  and  south-west,  but  on  the  south-east  it  presents  an 
almost  unbroken  face,  over  300  miles  in  length,  rising  from  2,000* 
to  as  much  as  6,000  feet  above  the  ground  at  its  base. 

IV. — Index  Oknebum  bt  Spboibbum  Animalium. — ^Beport  of  a 
Committee,  consisting  of  Dr.  Hbnsv  Woodwabd  (Chairman), 
Dr.  F.  A.  Bathbb  (Secretary),  Lord  Walsinoham,  Dr.  P.  L. 
ScLATBB,  Bev.  T.  B.  B.  Stebbino,  Dr.  W.  E.  Hoylb,  and  the 
Hon.  Waltbb  Bothsohild. 

SATISFACTOBT  progress  has  been  made  by  Mr.  David  Sherbon 
in  the  recording  of  literature  from  1801  onwards.  Among  other 
works  now  indexed  up  to  1850  may  be  mentioned  the  "  Annals  and 
Magazine  of  Natural  History,"  the  "  Academia  CsBsareay"  and  the 
«  Neues  Jahrbuch  fiir  Mineralogie."  Various  tracts  dealing  with  the 
collation  of  difficult  books  have  been  issued,  and  a  reprint  of  the 
descriptions  of  new  species  of  birds  drawn  up  by  Pallas  for  ''  Yroeg^s 
Catalogue,"  1764,  has  been  published  by  the  Smithsonian  Institution, 
under  Mr.  Sherborn's  care,  from  the  unique  copy  in  the  Linnem 
Society's  Library.  The  search  for  rare  books  sdll  continues,  and 
any  such  acquisitions  are  made  available  for  public  use  by  transfbrenoe 
to  one  or  other  of  the  accessible  libraries.  Special  thanks  are  due  to 
the  Italian  Government,  the  University  of  Padua,  and  Profenor 
Dante  Pantanelli  for  enabling  the  Committee  to  examine  the  "  Tavobi 
alfabetica  delle  conchiglie  adriatiche"  of  Stefano  Andrea  Benier 
(1804).  Help  of  this  nature,  as  well  as  valuable  criticism,  is 
continually  forthcoming  from  home  and  abroad,  and  the  general 
interest  taken  in  the  published  volume  (1758-1800)  la  highly 
gratifying  to  Mr.  Sherborn  and  satisfactory  to  this  Committee^ 
which,  in  this  connection,  desires  to  return  its  thanks  especially  \s> 
Mr.  L.  B.  Prout  and  Mr.  C.  W.  Bichmond. 


la  E  "V I E  ^w  s. 


I. — Mbsozoio  Plants  fbom  Naoato  and  Bitchu.  By  M.  Yoko* 
TAMA.  (Joum.  Coll.  Sci.  Univ.  Tokyo,  vol.  xx,  art  5,  pp.  13» 
and  3  pis.     1905.) 

PBOFESSOB  YOEOYAMA  has  continued  his  studiee  of  the 
Mesozoic  floras  of  Japan,  and  in  the  present  communication 
confirms  his  previous  conclusion  as  to  the  Bhaatic  age  of  the  fossil 
plants  of  the  (>oal-bearing  series  of  Nagato.     Ei^t  speoiea  are 
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deteribed,  inolading  sooh  well-known  Bhatio  fossils  as  CladapkUbU 

nUsatu  (Brongt.)  and  Polozamies  laneeoUUu$  (L.  &  H.)-    Seyeral 

ottier  speoimenSf  mostly  fragmentary,  are  figured  from  the  provinoe 

of  Bitohu  and  are  probably  of  similar  age.    A  number  of  exoellant 

tgures  of  most  of  the  species  desoribed  are  given.        E.  A.  N.  A. 


n.— Nkw  Spboiss  and  a  Naw  Osnus  of  Batbaohian  Footprints 
ov  THE  OABBONnrEBous  Ststkm  IN  Eastbbn  Canada.  By 
0.  F.  Matthew,  D.So.,  LL.D.  Trans.  Boy.  Soo.  Canada,  ser.  ii, 
▼oL  X,  seo.  4,  pp.  77-110,  with  6  plates,  1904:-1905. 

r[S  artiole  contains  descriptions  of  species  that  more  fully 
present  the  characters  of  the  genera  described  from  the  type 
^leoies  in  an  article  published  last  year  in  the  Canadian  Becord  of 
Soience,  Montreal.  It  also  contains  descriptions  of  the  new  genus 
AMMUoptis,  founded  on  the  footprints  of  a  small  Batrachian  of  the 
Gosl-measnres  of  Joggins,  Nova  Scotia. 

This  artiole  also  refers  the  species  Dromopua  celer  of  the  preceding 
irtiole  provisionally  to  Woodworth's  genus  Bairachiehim. 

The  full  descriptions  of  the  genera  and  species  described  in  the 
irtiole  in  the  Canadian  Becord  of  Science  are  here  re-presented,  with 
additional  notes. 

Six  plates  of  figures  accompany  this  article  and  show  clearly  the 
generic  and  specific  characters  of  the  species  of  footprints  described. 
In  conclusion,  the  writer  makes  comparisonB  of  these  footmarks 
with  those  of  the  frog  and  the  alligator,  and  fiuds  that  they  show 
closer  resemblances  to  those  of  the  latter  than  to  the  footsteps  of  the 
former,  but  he  concludes  that  there  are  peculiarities  of  form  in  the 
fossil  footprints  not  to  be  found  in  either  of  the  recent  forms  used 
for  comparison,  and  that  Labyrinthodonts  and  Microsauria  are 
responsible  for  many  of  these  tracks. 


III. — KoGKs  OF  Cape  Colville  Peninsula,  New  Zealand.  By 
Professor  Sollas,  F.R.S.  With  an  Introduction  and  Descriptive 
Notes  by  Alexandeb  McKay,  F.G.S.,  Government  Geologist, 
New  Zealand.     Vol.  I.    pp.  289.     (Wellington,  1905.) 

THIS  volume  on  the  rocks  of  Cape  Colville  Peninsula  is  chiefly 
devoted  to  the  description  by  Professor  SoUew  of  the  specimens 
which  were  submitted  to  him  by  the  New  Zealand  Government. 
Some  diversity  had  arisen  in  the  nomenclature  of  the  igneous  rocks 
which  are  the  source  of  the  gold  in  the  Thames  Goldfield,  and  it  was 
decided  to  obtain  an  authoritative  opinion  by  submitting  a  selection 
of  the  rocks  to  a  competent  petrologist.  The  principal  object  of  the 
report  is  therefore  to  place  on  a  satisfactory  footing  the  nomenclature 
of  the  rocks  of  the  Peninsula. 

The  present  volume  contains  only  the  descriptive  notes  on  the  first 
204  specimens  sent  to  Professor  Sollas.  That  he  is  not  responsible 
for  the  form  in  which  they  are  published  is  evident  from  a  somewhat 
pathetic  footnote  on  p.  126,  in  which  he  disclaims  responsibility  for 
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their  literary  style.  As  almost  all  the  rooks  belong  either  to  thd 
Andesite  or  Bhyolite  gronp,  the  detailed  petrographioal  notes  gifen 
of  each  individaal  speoimen  certainly  prove  somewhat  monotonoof 
reading.  Professor  Sollas  himself  states  that  the  sabstanoe  of  die 
report  may  be  regarded  as  mere  statement  of  matter  of  foot:  «• 
have  hopes,  however,  that  these  '  dry  bones '  may  yet  live,  since  be 
holds  out  the  expectation  of  a  more  comparative  study  for  the  final, 
report,  in  which  also  the  question  of  the  origin  and  stmotnie  of 
spherulites  will  be  considered. 

In  a  general  note  preceding  the  systematic  descriptions  of  the 
specimens  we  have  a  foretaste  of  this  final  report  in  some  in* 
teresting  remarks  on  the  nature  of  the  *  pilotaxitic '  matrix  of  the 
andesites,  and  also  on  the  supposed  re-fusion  of  rhyolites,  for  whiob- 
Professor  Sollas  finds  no  evidence,  since  the  so-called  felspar-'  glan  * 
is  really  only  a  decomposition  product. 

To  supplement  the  descriptions  of  the  specimens  an  introdnotor]^ 
and  explanatory  account  of  the  geological  position  of  the  rooks  i0 
given  by  Mr.  McKay. 

Perhaps  the  most  remarkable  feature  of  the  volume  is  the  wealds, 
of  illustrations;  plates  of  photographs  of  scenery  and  of  mioro-' 
photographs  of  the  thin  slices  of  the  rocks  are  almost  interleaved 
with  the  letterpress. 

IV. — QbOLOOT   in  THK  FEDKBikTXD   MaLAT  StATBS. 

BT  the  kindness  of  a  friend  we  have  seen  several  Reports  issued 
by  this  Oovemmeut,  but  as  copies  have  not  been  sent  to  the 
Library  of  the  British  Museum  (Nat.  Hist.)  we  are  unable  to  give 
a  comprehensive  notice  of  the  whole  of  the  work  done.  Those 
Reports  before  us  are  No.  8,  dealing  with  the  (Geology  of  the 
Residency  of  Sarawak,  and  of  the  Sadong  District,  Borneo,^  and 
the  Geologist's  Report  for  1904.'  Mr.  J.  B.  Scrivenor,  the  geologist 
to  the  Federated  Malay  States,  after  acknowledging  help  obtained 
from  the  staff  of  the  British  Museum  (Nat.  Hist)  in  the  naming  of 
fossils  found,  reports  on  his  journey  through  the  areas  of  the 
four  Federated  States.  He  describes  the  serpentine  areas  of  Koala 
Pilah  and  Negri  Sembilan,  some  of  which  is  used  for  road-metsi 
and  some  for  ornaments.  He  failed  to  find  a  trace  of  platinum, 
the  object  of  his  search.  Ornamental  building-stone  seems  to  be 
abundant,  and  the  granites  would  work  up  on  a  large  scale.  The 
occurrence  of  tin  is  next  dealt  with  and  occupies  the  bulk  of  the 
Report.  The  main  object  of  the  visit  to  Sarawak  and  Borneo  was 
economic  (gold  and  coal).  Mr.  Scrivener  gives  a  brief  but  oarefiil 
sketoh  of  previous  work,  and  proceeds  to  make  supplementary  notes. 
The  coal-seam  at  Sadong  is  2'  9"  in  thickness,  but  varies  considemUy^ 
It  is  a  black  bituminous  coal,  light  in  weight  and  easily  fractured,  aad 
contains  a  considerable  amount  of  calcite  and  some  pyrites  looally. 
It  bums  well  and  leaves  little  ash,  but  owing  to  its  friable  natnie 

1  Oeol.  Dept.  F.M.S.  (Kuala  Lmnpnr),  1905,  12  pp. 

2  Ibid.,  7  pp. 
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the  famaoe  bars  bave  to  be  eepeoially  arranged.    Gold  is  worked 

down  to  93  and  120  feet,  and  details  are  given  of  tbe  yarious  deposits 

now  opened.    As  for  tbe  geolt^  of  Sarawak,  tbe  aatbor  refers  to 

<be  papers  of  B.  B.  Newton  in  tbe  Gsologioal  Magazine,  wbile 

Cor  Uie  wbole  island  tbe  works  of  Molengraaff  and  Yerbeek  are  tbe 

standard  books  of  reference.    Tbe  Tertiary  and  Secondary  rocks  are 

now  well  made  ont»  but  as  yet  fossils  from  tbe  Primary  rocks  do  not 

leem  to  bave  been  found.    Mr.  Scrivenor  was  appointed  for  tbree 

yeaiB,  but  we  bope  bis  time  will  be  considerably  extended  in  order 

that  be  may  bave  an  opportunity  of  finisbing  wbat  promises  from 

^eie  two  reports  to  be  a  valaable  piece  of  sarveying. 


Gsologioal  Sogibty  ov  London. 

I-Noyember  22nd,  1905.— J.  E.  Marr,  ScD.,  F.RS.,  President, 

in  tbe  Cbair. 

A  Special  General  Meeting  was  beld  before  tbe  Ordinary  General 
Heeting  at  wbicb  Horace  Woollaston  Monckton,  Treas.  L.  S.,  was 
^ieoted  Treasurer,  and  Bicbard  Hill  Tiddeman,  M.A.,  was  elected 
a  Member  of  CounoiL 

The  following  communioaHons  were  read  :— 

1.  "  On  a  New  Specimen  of  the  ChimaBroid  Fish,  Myr\acan(huit 
paradoxu3,  Ag.,  from  the  Lower  Lias  of  Lyme  Regis  (Dorset)."  By 
Arthur  Smith  Woodward,  LL.D.,  F.R.S.,  F.L.S.,  F.G.S. 

The  author,  having  proved  that  the  dorsal  fiu-spine  of  the  so-called 
Isehyodtu  orihorhinus  is  identical  with  an  ichthyodorulite  which 
has  been  named  Myriacanthus  granulatuSf  inferred  that  the  larger 
icbthyodorulite  i/.  paradoxus  belonged  to  the  same  fish  as  the 
larger  dentition  named  Prognathodua  Ouentheri  by  Egerton. 
This  question  has  been  settled  by  the  discovery  by  Mr.  S.  Curtis,  in 
tbe  Lower  Lias  of  Black  Yen,  of  a  dorsal  fin-spine  in  direct 
connection  with  a  mass  of  decayed  cartilage,  dermal  plates,  and  teeth. 
On  the  specimen  the  following  parts  are  recognised  : — the  left  and 
left  palatine  dental  plates,  right  mandibular  dental  plate,  cartilage 
of  the  pectoral  arch,  praesymphysial  tooth,  rostal  cartilage,  frontal 
spine  or  tentaculum,  and  vomerine  dental  plate,  dermal  plates,  and 
the  dorsal  fin-spine.  The  new  fossil  warrants  the  conclusion  that 
Myriacanthus  is  a  Chimceroid,  closely  similar  to  the  Upper  Jurassic 
Chimaropsia,  with  (i)  a  median  chisel-shaped  tooth  in  front  of  the 
lower  jaw,  (ii)  a  few  tuberculated  dermal  plates  on  the  head,  and 
(iii)  a  tuberculated  dorsal  fin-spine.  In  these  respects  it  differs 
^m  all  other  known  Chimseroids — even  from  the  comparatively 
primitive  types  which  have  been  discovered  during  recent  years  in 
tbe  Japanese  seas.  The  Myviacanthidse,  in  fact,  have  still  no 
nearer  ally  than  Callorhynchua,  with  which  Egerton  originally 
'Oompared  his  so-called  Ischyodus  orthorhinus. 


42       Reports  and  Proceedings — Oeological  Society  oj  London. 

2.  "  The  Books  of  the  Cataracts  of  the  Biyer  Madeira  and  the 
adjoining  portions  of  the  Beni  and  Mamore."  By  John  William 
Evans,  D.So.,  LL.D.,  F.O.S. 

The  orystalline  rocks  of  the  cataracts  of  the  Biver  Madeira  and 
the  lower  waters  of  its  tributaries  are  part  of  a  ridge  with  a  north- 
westerly and  south-easterly  strike,  similar  to  that  of  the  Andes,  in 
the  same  latitudes.    The  strike  is  especially  prevalent  in  Equatorial 
regions.     With    the    exception    of   comparatively  recent    alluvial 
deposits  and  a  few  pebbles  of  chert,  pronounced  by  Dr.  G.  J.  Uinde 
to  be  of  marine  origin  but  uncertain  date,  only  crystalline  rocks  are 
met  with  in  the  falls.     They  all  appear  to  be  igneous,  and  are  mostly 
massive  in  character,  though   some  dyke-rocks  occur.     In  places 
they  are  typical  gneisses,  and  they  are  often  banded,  but  in  some 
cases  they  show  no  sign  of  foliation.     The  prevailing  type  is  acid, 
with  a  considerable  proportion  of  alkalies,  especially  soda ;  but  some 
of  the  rocks  are  distinctly  basic  in  character.     Analyses  of  several  of 
these  rocks,  made  by  Mr.  G.  S.  Blake,  are  tabulated ;  and  in  one  case 
the  chemical  analysis  is  compared  with  one  made  from  the  proportion 
of  minerals  washed  out  from  the  thin  sections.     Accounts  of  the 
megascopic  and  microscopic  characters  of  all  the  rocks  encountered 
are  given.    The  more  acid  rocks  are  usually  fine  in  grain,  and  are 
often  granulitio  in  structure.     In  most  cases  the  quartz  seems  to 
have  crystallized  out  before  the  felspar.     The  occurrence  of  andalusite 
of  chiastolitic  type  and  of  sillimanite  as  inclusions  in  a  felspar  is 
referred  to,  as  well  as  the  presence  in  one  rock  of  an  unusual  type 
of  allanite.     An  altered  basalt  is  described,  which  contains  minute 
concentric  structures  allied  to  those  of  a  pyromeride.     Above  and 
below  the  regions  of  the  cataracts  is  a  wide  expanse  of  country 
covered  with  alluvium,  either  of  recent  or  later  Tertiary  date. 

3.  "  The  Doncaster  Earthquake  of  April  23rd,  1905."     By  Charles 
Davison,  Sc.D.,  F.G.S. 

The  Doncaster  earthquake  of  1905  was  a  twin,  with  its  principal 
epicentre  half  a  mile  north  of  Bawtry,  and  the  other  about  four  miles 
east  of  Crowle  and  close  to  the  centre  of  the  disturbed  area  of  the 
Hessle  earthquake  of  April  13th,  1902.  The  distance  between  the 
two  epicentres  is  about  17  miles.  The  disturbed  area  contains 
about  17,000  square  miles,  including  the  whole  of  the  counties  of 
Lincoln,  Nottingham,  Derby,  Sta£ford,  Leicester,  and  Butland,  the 
greater  part  of  Yorkshire,  and  portions  of  Lancashire,  Cheshire, 
Shropshire,  Worcestershire,  Warwickshire,  Northamptonshire, 
Cambridgeshire,  and  Norfolk.  The  originating  fault  runs  from  about 
E.  38""  N.  to  W.  38^  S.,  and  appears  to  be  nearly  vertical  within  the 
south-western  focus  and  inclined  to  the  south-east  in  the  north- 
eastern focus.  The  first  and  stronger  movement  took  plaoe  within 
the  south-western  focus.  A  twin  earthquake  ia  probably  due  to 
the  differential  growth  of  a  crust-fold  along  a  fault  which  intersects 
it  transversely,  the  first  movement  as  a  rule  being  one  of  rotation 
of  the  middle  limb,  accompanied  by  an  almost  simultaneous  slip  of 
the  two  arches,  and  followed  soon  afterwards  by  a  shift  of  the- 
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middle  limb.  The  moyeraenta  in  which  the  Doncaater  earthquake 
origixiated  presented  a  slight  variation  in  this  order.  They  consisted 
of  suooeflsive  but  oontinaous  displacements,  first  of  the  sonth- western 
aieh,  then  of  the  middle  limb,  and  finally  of  the  north-eastern  arch. 

IL— December  6th,  1905.— J.  E.  Marr,  So.D.,  F.R.S.,  President,  in 
the  Chair.    The  following  communications  were  read  :-* 

1.  *'The  Physical  History  of  the  Great  Pleistocene  Lake  of 
Portugal."     By  Professor  Edward  Hull,  LL.D.,  F.R.S.,  F.G.S. 

The  formations  bordering  the  lower  banks  of  the  Tagus  near 
Lisbon  are  arranged  by  the  author  in  the  following  order  of 
snccession : — 

6.   Bbcekt  and  Quaterxart.     Allavia  of  the  TagruB. 

c     T  .«**»..».».  f  Marls  with  Lymnaa  (Lacustrc  superior). 

5.   Lacubtbisi.  I  Sands  and  gravel. 

4.   PoiT-PLiocEirB  and  )  Not  represented,  unless  b^  some  land- 

Pliocenb.  (     glacial  beds  due  to  elevation. 

3.   MxocBXB.  'Aimada  Beds.'    Calcareous  marls  and  lime- 

stones, with  marine  fossils. 

2.   EocsxB  (!'').  Unfossiliferous   sands   and   graTels  (Lacustre 

inferior). 

1.   Uppbr  Crbtaceouh.  Hippurite  Limestone. 

A  deecription  is  given  of  the  Lacustre  superior ;  the  Almada 
Beds  are  considered  to  be  Miocene,  and  as  the  Pliocene  is  not 
represeBted,  except  possibly  by  certain  glacial  deposits,  the  author 
considers  that  that  period  was  one  of  great  uplift,  when  the 
suboceanic  gorge,  an  extension  of  the  present  course  of  the  River 
Tagus,  was  excavated.  The  margin  of  the  lake  was  probably 
formed  by  the  granite  of  Das  Vargans  and  Cunheira.  There  is 
evidence  that  the  general  level  of  the  lake-bed  was  nearly  that  of 
tiie  outer  sea,  and  that  the  sea- waters  gained  occasional  access  to  the 
lake  during  the  earlier  stage  of  its  formation.  The  lake  was 
eventually  drained  by  the  channel  cut  by  the  Tagus  at  the  harbour 
of  Lisbon,  upon  the  elevation  of  the  land  to  about  its  present  level. 

2.  "  The  Geological  Structure  of  the  Sgurr  of  Eigg."  By  Alfred 
Barker,  M.A.,  F.R.S.,  F.G.S. 

The  pitchstone  which  forms  the  Sgurr  of  Eigg  is  a  massive  sheet, 
some  400  feet  thick,  reposing  with  discordance  upon  the  succession 
of  alternating  basalts  and  dulerites  which  make  up  the  greater  part 
of  the  island.  The  lower  surface  of  the  pitchstone  is  irregularly 
undulating,  and  in  two  places  fragmental  accumulations  are  seen 
immediately  beneath  it.  The  generally  received  interpretation 
regards  the  pitchstone  as  a  lava-flow,  or  series  of  flows,  occupying 
an  old  river- valley  excavated  in  the  basalts;  and  the  fragmental 
deposits  have  been  regarded  as  river-gravels  of  the  pitchstone  age. 
This  is  the  view  put  forward  by  Sir  Archibald  Geikie. 

After  a  detailed  survey  of  the  ground,  the  author  finds  it 
impossible  to  accept  this  view,  and  he  gives  reasons  for  considering 
the  pitchstone  to  be  intrusive.  The  form  of  its  base,  as  mapped 
oat,  does  not  seem  to  be  reconcilable  with  that  of  a  river-valley, 
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and  its  character  is  that  of  an  intmsiye  junction  rather  than  an 
erosion  surface.  The  fragmental  deposits  are  believed  to  be  of 
volcanic  origin  and  of  the  basalt  age.  The  one  exposed  at  the 
seaward  termination  of  the  ridge  is  a  volcanic  agglomerate,  probably 
filling  a  small  vent.  The  other,  seen  at  the  southerly  base  of  the 
SgArr,  is  a  bedded  agglomerate,  partly  rearranged  by  water  action. 
The  Torridonian  and  Oolitic  sandstone  blocks  which  are  abundant 
in  it  are  held  to  have  been  brought  up  from  below,  and  fossil  wood 
of  Oolitic  age  has  been  brought  up  in  the  same  manner.  The 
absence  of  fragments  of  the  sill-dolerites  (themselves  younger  than 
the  lavas,  but  cut  off  by  the  pitchstone)  in  both  accumulations 
seems  to  assign  them  unequivocally  to  the  age  of  the  basalt,  and 
their  conjunction  with  the  pitchstone  must  then  be  considered 
accidental. 

The  conclusions  arrived  at  bring  the  rock  of  the  Sgurr  of  Eigg 
into  relation  with  the  other  British  Tertiary  pitchstones,  which  are 
all  intrusive.  Thus  also  is  avoided  the  difficulty  of  assuming  a 
great  erosion  in  inter-volcanic  times,  a  hypothesis  for  which  the 
supposed  river- valley  was  the  sole  evidence. 

Dr.  J.  W.  Evans,  in  showing  a  new  method  of  determining  the 
optic  axial  angle  of  a  biaxial  mineral,  by  rotating  it  in  parallel 
polarized  light,  on  an  axis  at  right  angles  to  the  optic  axial  plane 
and  to  the  axis  of  the  microscope,  said  that  the  position  in  which  the 
relative  retardation  was  zero  corresponded  to  the  optic  axes,  and  the 
angle  between  these  positions  was  the  optic  axial  angle  in  air  or  in 
the  medium  in  which  the  mineral  was  immersed.  To  determine 
when  the  relative  retardation  is  nil  the  nicols  are  placed  at  angles 
of  45^  with  the  axis  of  rotation ;  the  double  wedge  described  in  the 
Mineralogical  Magazine  for  May  last  (voL  xiv,  p.  29)  is  then 
inserted,  and  the  position  noted  when  the  bands  on  the  two  halves 
of  the  wedge  are  in  exact  continuation  of  one  another. 

This  method  is  applicable  to  sections  of  minerals  in  rock-slides 
which  are  cut  at  right  angles  to  the  optic  axial  plane  ;  for  the 
observation  can  be  made  with  a  low  power,  which  admits  of  the 
slide  being  freely  rotated  in  a  stage  goniometer.  With  the  higher 
powers  which  are  necessary  for  microscopic  observations  in 
convergent  light,  a  rock-slide  could  only  be  rotated  within  very 
narrow  limits. 

Dr.  F.  A.  Bather  exhibited  fossils  from  various  localities  in  New 
Zealand,  hitherto  known  as  **  the  Mount  Torlesse  Annelid,"  described 
in  the  Geolooioal  Magazine  (December,  1905,  p.  532).  Adds 
further  information  thereon ;  for  which  see  his  letter,  p.  46  below. 


111. — MlNEBALOGIOAL  SOOIKTY  OF  LONDON. 

November  14th,  1905 ;  Professor  H.  A.  Miers,  F.R.8.,  President, 
in  the  chair.  —  The  Determination  of  the  Angle  between  the 
Optic  Axes  of  a  Crystal  in  Parallel  Polarised  Light,  by  Dr. 
J.  W.  Evans.  The  crystal  plate  is  rotated  on  the  optic  normal 
as  axis,  and  the  positions  are  determined  in  which  the  relative 
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retardation  is  m7.  This  may  be  observed  by  using  a  gypsum  plate 
or  the  doable  quartz  wedge  devised  by  the  author.  In  the  latter 
case  the  positions  in  question  are  marked  by  the  ooincidenoe  of  the 
bands  in  the  two  halves  of  the  wedge.  This  gives  a  very  exact 
reading  if  strictly  parallel  light  be  employed. — Mineralogical  Notes 
(Diopside  and  Albite),  by  Professor  W.  J.  Lewis.  A  large  tabular 
crystal  of  white  diopside,  a  brown  diopside  of  unusual  habit,  and 
a  Carlsbad  twin  of  albite  were  described. — Note  on  the  Crystallisa- 
tion of  Drops,  especially  of  Potash-alum,  by  Mr.  J.  Chevalier.  The 
President  described  observations  made  by  Mr.  Chevalier  on  the 
crystallisation  of  drops  of  solution  of  potash-alum.  These  generally 
yield  in  succession  (a)  birefringent  spherulites,  (6)  octahedra,  and 
(e)  a  fine  rectangular  network,  (a)  is  probably  a  less  hydrated 
alam,  and  it  becomes  isotropic  on  exposure  to  moist  air  by 
conversion  into  (5).  (c)  is  ordinary  alum  which  is  in  a  state  of 
strain,  owing  to  its  rapid  crystallisation,  and  becomes  white  and 
opaqae  after  a  time  owing  to  the  development  of  cracks.  Drops 
observed  upon  a  slide  under  the  microscope  behave  differently 
according  as  they  are  in  the  metastable  or  labile  condition.  A  meta- 
•table  drop  inoculated  with  (a)  or  (6)  or  (c)  deposits  octahedra. 
A  labile  drop  inoculated  with  (a)  deposits  spherulites,  but  inoculated 
with  (&)  or  (c)  deposits  the  rectangular  network.  When  a  metastable 
drop  containing  either  octahedra  or  spherulites,  or  both,  passes  into 
the  labile  condition  (by  cooling  or  by  evaporation)  they  may  continue 
to  grow  unchanged.  If,  however,  a  fragment  or  germ  of  octahedral 
alum  be  introduced  into  a  labile  drop,  the  network  (c)  is  immediately 
produced.  An  alum  crystal  growing  in  a  labile  solution  i» 
surrounded  by  a  zone  of  metastable  liquid  which  prevents  it  from 
starting  the  network  (c)  characteristic  of  a  labile  drop.  Experiments 
were  made  upon  the  action  of  various  mineral  substances  in  inducing 
crystallisation  in  metastable  and  labile  drops.  Among  these  the 
holosymmetric  cubic  crystals,  and  especially  galena,  exercise 
a  remarkable  effect  in  producing  the  network  (c)  in  labile  drops. — 
Note  on  the  Formation  of  Gypsum  Crystals  in  a  disused  Well  at 
Chemical  Works,  by  C.  J.  Woodward.  Groups  of  gypsum  crystals 
were  exhibited  which  were  found  thirty  years  ago  studding  the  walls 
of  an  old  well  at  Messrs.  Chance's  Chemical  Works  at  Oldbury. — 
Notes  on  Minerals  recently  found  in  the  Binnenthal,  by  Mr.  E.  H. 
Solly.  The  minerals  described  were:  (1)  Ilmenite,  in  brilliant 
crystals,  displaying  marked  hemihedrism  and  showing  five  new 
forms.  It  is  associated  with  quartz,  adularia,  magnetite,  and  mica, 
on  mica-schist.  (2)  Seligmannite ;  an  exceptionally  large  and  well- 
developed  crystal  in  dolomite.  Unlike  any  previously  described,  it 
is  untwinned;  altogether  45  forms  were  observed,  of  which  21 
are  new.  (3)  Marrite ;  two  more  crystals  of  this  rare  mineral 
were  found,  one  tabular  and  the  other  sharply  pointed  in  habit. 

(4)  Proustite;   a  minute  crystal  deposited  on  a  crystal  of  rathite. 

(5)  Trechmannite;  a  crystal  of  this  rare  mineral  display  ingasymmetric 
hemihedrism,  deposited  on  a  crystal  of  binnite.  (6)  Hyalophane, 
in  crystals  of  an  unusual  green  colour. 
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THE  AGE  OF  'THE  MOUNT  TOELESSE  ANNELID.' 

SiK, — In  my  paper  on  these  fossils  (Gbol.  Mao.,  Dec.  V,  Vol.  U, 
pp.  532-541 ;  Deoember^  1905)  it  was  said  that  the  beds  containing 
them  were  "usaallj  regarded  as  the  uppermost  diyision  of  the 
Maitai  Series  " ;  but  the  stratigraphical  position  of  that  series  was 
treated  as  an  open  question,  though  ''probably  not  below  Upper 
Oarboniferous  and  not  above  Trias."  The  paper  was  unfortunately 
written  without  reference  to  a  valuable  series  of  articles  by  Professor 
James  Park,  of  Otago  University,  contained  in  the  TranBactionB  of 
ihe  New  Zealand  Institute,  vol.  xxxvi.  From  these  papers  it  appears 
that  "  a  good  deal  of  doubt  must  attach  to  the  determinations  "  of  the 
fossils  found  by  Mr.  M'Eay  in  the  Maitai  Limestone ;  the  fossils 
collected  by  Professor  Park  in  the  same  bed  are  identified  by  him 
as  "  Spiriferina  (two  sp.),  Athyrie,  Rhynehonella,  Fleurotomaria, 
Inoeeramus,  Pentaerinua  [presumably  leocrinus],  and  corals  (three 
sp.)."  These,  as  well  as  other  fossils  in  corresponding  beds,  indicate 
that  the  limestone  in  question,  so  far  from  being  Lower  Carboniferous, 
is  really  Upper  Triassio.  On  this  ground  alone  the  conformably 
eucceeding  shales,  etc.,  would  probably  be  of  Jurassic  age.  Further, 
the  "  shell  like  Inoeeramm  "  alluded  to  on  pp.  535,  536  of  my  paper, 
is  regarded  by  Professor  Park  as  Inoceramus  itself,  and  as  indubitable 
proof  of  Mesozoio  age.  The  Maitai  shales,  eta,  of  the  Nelson  district 
are  correlated  by  Professor  Park  with  the  Mataura  formation  of 
Otago,  and  since  the  name  'Maitai'  has  become  so  ineradicably 
associated  with  the  idea  of  Carboniferous  age,  he  adopts  Button's 
'  Mataura  Series  '  with  its  familiar  Jurassic  connotation.  He  further 
adopts  Hutton's  '  Hokonui  System '  to  include  the  Mataura  Series 
and  the  conformably  underlying  Shaw's  Bay  Series  of  Triassio  (and 
?  Permian)  age. 

The  Mount  Torlesse  Annelid  beds  are  mentioned  by  Professor 
Park  on  p.  392,  only  to  say  that  "  in  the  absence  of  shell  beds  it  is 
impossible  to  fix  the  position  of  the  plant  and  annelid  beds  in  relation 
to  known  horizons  elsewhere  ....  the  strata  at  Mount 
Torlesse  do  not  afford  the  data  necessary  for  their  subdivision  into 
groups  and  series  of  beds."  It  seems,  however,  to  result  from 
Professor  Park's  work  that  the  horizon  of  Torlesaia  Mackayi  and 
Dentalium  Huttoni  is  "not  below  Trias  and  not  above  Jurassic." 
Perhaps  it  would  be  permissible  to  say  "probably  Lias";  and 
here  one  recalls  that  the  Yakutat  slates  with  TereheUina  are  also 
probably  Lias. 

To  Professor  Park  and  to  readers  of  the  Geolooioal  Magazine 
an  apology  seems  necessary  for  the  omission  of  the  preceding 
remarks  from  my  original  paper.  Their  omission  was  due  mainly 
to  the  fact  that  the  volume  containing  Professor  Park's  articles, 
though  issued  in  August,  1904,  has  not  yet  been  received  either  by 
the  British  Museum   (Natural  History),  "to  whom  this  volume  is 
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presented  by  the  Gk)yernon  of  tbe  New  Zealand  Institute/*  or  by  the 
Science  Library  of  the  Education  Department^  wbioh  bas  been 
attempting  to  procure  it  tbrougb  tbe  usual  agents.  My  attention 
was  drawn  to  it  by  Dr.  Wilckens'  excellent  abstracts  in  Ifeuee 
Jahrhueh/ur  Mineralogie,  1905,  II,  whicb  reached  England  after  my 
paper  bad  gone  to  press.  It  is  intelligible  that  Professor  Park 
should  send  his  fossils  to  Freiburg  for  determination ;  but  it  is  hard 
that  British  palasontologists,  who  at  least  try  to  do  their  best,  should 
hMswQ  to  learn  of  the  admirable  work  of  their  New  Zealand  brethren 
60m  a  German  publication.  F.  A.  Bathkb. 

bth,  1905. 


THE   SEPARATE   EXISTENCE    OF   GEOLOGY   AS   A    SOIENOK 

81B, — I  observe  in  the  Anniyersary  Address  of  the  President  of 
the  Geological  Society  (John  Edward  Marr),  17th  February,  1905, 
p.  xi,  the  following  parag^ph  : — ^*  It  is  not  wonderful  that  in  these 
circumstances  there  appears  to  be  a  feeling  among  some  that  geology 
as  a  separate  science  will  become  extinct"  I  have  met  with 
statements  somewhat  akin  to  this  which  have  drawn  my 
attention  to  the  subject.  Geology  is  the  history  of  tbe  earth, 
and  therefore  includes  all  other  sciences  and  all  natural  knowledge 
(except  the  abstract  sciences).  Therefore,  if  geology  as  a  science 
is  to  become  extinct  it  can  only  be  as  regards  the  name  (unless, 
indeed,  it  is  meant  that  the  human  race  is  to  become  extinct), 
for  as  long  as  a  reasoning  being  exists  on  tbe  earth  there  must  be 
some  kind  of  a  history  of  the  earth.  Astronomy,  biology, 
mineralogy,  etc.,  are  merely  branches  of  this  science. 

I  would  remark  also  on  a  statement  iu  the  Address  of  H.  A.  Miers  to 
the  Geological  Section  of  the  British  Association  in  South  Africa, 
wherein  he  says  he  has  no  claim  to  be  called  a  geologist.  If  a  man 
who  has  a  profound  knowledge  of  some  departments  of  geology,  and, 
it  may  be  presumed,  a  good  general  knowledge  of  geology  likewise, 
is  not  to  be  called  a  geologist,  then  who  is  ? 

R.  J.  Lkchmbre  Guppy. 

Port  op  Spain,  TursiDAD. 


MESSRS.  HATCH  &  CORSTORPHINE'S  "GEOLOGY  OF  S.  AFRICA." 

SiE, — It  may  prevent  some  confusion  subsequently,  to  point  out 
that  in  Hatch  &  Corstorphine's  recently-issued  work  on  "  The 
Geology  of  South  Africa"  there  is  an  error  in  the  naming  of  one 
of  the  fossils  from  the  Umtamvuna  Series  (Pondoland)  depicted 
in  fig.  71  on  p.  259.  Fig.  716  should  have  been  described  as 
Ammonites  gardeni,  and  not  Ainmonitea  soutonif  the  figure  having 
evidently  been  copied  from  one  of  Baily's  original  figures  of  that 
species  (Quart.  Jonrn.  Geol.  Soc,  vol.  xi,  1855,  pi.  xi,  fig.  3a). 

British  Mcsbum  (Natural  History).  G.  C.  Criok. 


48         Obituary '^Professar  Dewalque — Professor  Omtalet. 

PROFESSOR    GILLES-JOSEPH-GUSTAVE    DEWALQUEr 

Fob.  Mkmb.  Gbol.  Soo.  Lond. 

Born  Dbcemrbr  2,  1826.  Died  Novembeu  3,  1905. 

We  regret  to  reoord  the  death,  in  his  79th  year,  of  our  valued 
friend  and  frequent  oorrespondent  of  many  years  past,  Monsieur 
Qustaye  Dewalque,  Professor  Emeritus  of  the  University  of  Li^ge, 
founder  and  Honorary  Secretary-General  of  the  Sooiete  Oeologique 
de  Belgique,  Memhre  de  rAcad^mie  Royal  de  Belgique,  and  of 
many  other  Learned  Societies  in  Belgium,  Moscow,  Vienna, 
Luxemhourg,  etc.,  etc.,  Commandeur  de  TOrdre  de  Leopold,  and 
0£Scier  de  TOrdre  des  Sts.  Maurice  et  Lazare.  He  was  horn  at 
Stavelot  2nd  December,  1826,  and  died  at  Liege  3rd  November, 
1905. 

Professor  Dewalque  contributed  various  papers  to  this  Magazine 
in  1875,  1878,  1895,  and  1899,  and  has  always  taken  a  very  lively 
interest  in  English  and  Belgian  geology.  He  was  elected  a  Foreign 
Correspondent  of  the  Geological  Society  of  London  in  1871,  and 
a  Foreign  Member  in  1880.  We  hope  to  give  a  full  account  of  his 
scientific  work  later  on. 


PROFESSOR      EMILE      OUSTALET, 
MusliuM  d'Histoibe  Natubblle,  Pabis. 

Born  August  24,  1844.  Died  October  23,  1905. 

MoNSiEUB  Emile  Gustalet,  who  had  succeeded  Professor 
Dr.  Alphonse  Milne-Edwards  as  Professor  of  Mammalogy  and 
Ornithology  at  the  Paris  Museum  d'Histoire  Naturelle,  passed  away 
on  October  23rd,  aged  61.  Born  at  Montbeliard,  24th  August, 
1844,  he  has  been  on  the  8ta£f  of  the  Museum  for  32  years. 
Professor  Oustalet  is  chiefly  known  as  an  ornithologist,  but  has 
done  also  some  good  work  on  fossil  insects.  A  list  of  his  publica- 
tions on  the  latter  subject  is  here  appended  : — 

'^  Becherches  sur  les  loAectes  fossiles  des  Terrains  tertiaires  de  la  France  "  :  Part  I, 
'  Insectes  fossiles  de  TAuvergne,'  pp.  178,  6  plates ;  Part  II,  '  Insectes 
fossiles  d'Aix  en  ProTence,' pp.  347,  6  plates.  (Annalcs  des  Sc.  G^l.,  etc., 
Tol.  ii,  No.  3,  and  vol.  v,  No.  2.     1870-4.) 

<*  Sur  les  Insectes  fossiles."    Paris.    (Soc.  Philom.  Bull.,  viii,  1872,  pp.  59-64.) 

<*  Sur  quelques  esp^ces  fossiles  de  Tordre  des  Thyanoptdres."  Paris.  (Soc.  Philom. 
Bull.,  I,  1878,  pp.  20-27.) 


Ebbata.  —  In  Messrs.  Dakyns  &  Greenly's  article,  December 
Number,  1905,  p.  542,  line  21,  for  '<  overlie  the  felspar  of  Moel 
Meiroh,"  read  "  oyerlie  the  fehtone,^*  etc. — In  Dr.  Andrews*  article, 
1st  paragraph,  p.  562,  for  P.  minus  read  P,  minor. 
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L — MABTODOBt  nr  thb  PuisiooBini  ov  Soirm  Avbxoa. 

By  Professor  Dr.  Bichabd  Beck,  Freiberg. 

LAST  Summer,  when  I  travelled  in  South  Africa  with  the  BritiBh 
Association,  I  examined  the  diamantiferons  gravels  on  the  Yaal 
Biver  near  Kimberley.  During  this  visit  Mr.  Erumhelt,  apothecary 
in  Barkly  West,  had  the  kindness  to  give  me  three  fossil  teeth 
which  he  had  found  in  the  local  gravels.  Nos.  1  and  2  were 
obtained  from  the  so-called  breakwater  workings  of  the  river-side, 
while  No.  3  was  found  in  the  Waldeck  Plant  in  the  higher  terrace 
of  gravels  at  an  elevation  of  60  to  80  feet.  The  state  of  preservation 
of  all  these  teeth  is  that  of  real  fossil  remains. 

Mr.  G.  A.  Boulenger  was  kind  enough  to  compare  the  teeth 
numbered  1  and  2  with  recent  specimens  in  the  British  Museum, 
and  commanicated  to  me  his  determinations  as  follows  : — 

No.  1  is  a  molar  of  Eqwu^  perhaps  of  a  Zebroid  species,  as 
inferred  from  the  locality. 

No.  2  is  a  lower  canine  of  a  young  Hippopotamus. 

Tooth  No.  3  is  of  much  more  interest,  for,  according  to  an 
examination  kindly  made  by  my  friend  Dr.  Johannes  Felix, 
Professor  of  Palaaontology  in  Leipzic,  it  is  a  fragmentary  molar 
of  Mastodcn  (sabdivision  Bunolophodtm),  A  determination  of  the 
ipeciee  is  impossible  because  the  fragment  is  not  su£Soiently  com- 
plete ;  but,  as  shown  by  the  accompanying  photograph  of  the  fossil 
(Rg.  1),  there  can  be  no  doubt  as  to  its  generic  relationship. 

raoAi»B  V. — ^voL.  nx. — ^ko.  n.  4 
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The  exJBtence  of  Nattoion  in  South  Africa,  Iiitberto  anknown, 
ia  of  great  itnportanoe  for  geology  and  biology.  According  to  the 
lateat  tnemoir  on  the  subject,'  the  younger  Tertiary  b«lB  of  Egypt, 


ForlioD  of  unWDin  tooth  of  n  JfusloioH  (yu1iilivL-<iim  JtuiiolojihodoH)  inini  tho 
ricii'lncenv,  WtilJt.-cl[  I'lunt,  higher  Irnuci'  nl  t'l^^vLi  (BO  to  tfU  fii'l)  atiove 
Uic  Voul  UiTcr,  Dcnr  Kimberlvy,  Soutli  Afriuu. 

Tunis,  and  Algeria  have  afforded  the  only  African  Matlodoiu. 
Now  we  are  able  to  record  thia  extinct  I'roboacidian  from  the 
Fleistooene  of  the  far  south  of  the  Continent. 


n. — On  a  Collectios  op  Fosbil  CoRALa   from  Eastkbh  Egypt, 

Abu  l^iASH,  A»D  StNAi. 

By   J.  \Y.  Oheuohv,  D.Si-,,  F.K.S..  F.G.8., 

I'rofth'Mir  of  OfiJr^jjy,  Uliih~i.w  I'liii-ci-sily. 

(I'LATES  VI  Asu   Vri.') 

rpHE  corals  described  in  thia  report  were  collected  by  menihers 

J.    of  tliB  Egyiilian  Geological  Siirvpy,  and  were  sent  to  Loudon 

in  Seiiteniber,  180!).     I  then  examined  most  of  the  epecnnens,  and 

sahniitted  a  preliminary  report  to  tlie  effect  that  they  belong  to 

three  horizons: — 

'  DG|>6iet,  "  DpciiUTcrtc  ilu  STaitcdun  an^vti^rm  (land  I'utngc   cntt^iiuieii    de 
KibTlic  " :   Boll.  Soc.  G*ol.  France,  vol.  Jiv  (1BU7),  p|i.  .'ilB-,'i21  onJjilutr. 
*  J'latii  Til  will  aiipcai  with  the  second  XKirt  ut  ]mpvr  in  the  March  Aunibcr, 
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(1)  The  Cretaoeous  limestoneB  of  Abo  Boash. 
{2}  A  series  of  Pleistocene  reefis  on  both  shores  of  the  Gulf  of 
Suez,  of  which  the  oorals  have  solely  lied  Sea  affinities, 
and  show  no  greater  trace  of  the  influence  of  intermixture 
with  the  Mediterranean  fauna  than  is  shown  by  the  living 
corals  of  the  Bed  Sea. 
(3)  A  series  of  older  oorals,  which  show  some  points  of  re- 
semblance to  the  existing  Bed  Sea  coral  fauna,  but  are 
decidedly  of  pre-Pleistocene  age  ;  but  as  the  sections  of 
some  of  these  oorals  were  not  ready  when  my  preliminary 
report  was  closed,  1  could  not  express  a  final  conclusion  as 
to  whether  they  were  of  Miocene  or  Pliocene  age. 
The  completion  of  this  report  was  sadly  delayed,  owing  to  the 
heavy  pressare  of  work  in  Australia;   and  I  am  very  grateful  to 
Captain  Lyons,  the  Director  of   the    Egyptian  Survey,   for    the 
consideration  with  which  he  has  allowed  me  to  retain  the  material 
for  BO  long. 

The  fall  examination  of  the  material,  with  the  aid  of  sections, 
confirms  the  opinion  formed  from  my  preliminary  inspection. 
Hie  bnlk  of  the  material  is  of  Pleistocene,  and  apparently  late 
Pleistocene  age.  This  conclusion  is  in  agreement  with  Mr.  B.  B. 
Newton's  long  list  of  fossil  mollusoa  from  the  same  localities. 
Hie  specimens  from  Jebel  Mellaha,  and  most  of  those  from  Abu 
Sha'ar,  are  Miocene ;  but  one  specimen  reported  as  from  Abu  Sha'ar 
appears  indistinguishable  from  a  living  variety  of  a  Bed  Sea  species 
— Acanthasiraa  hirsuta^  var.  megalostoma,  Klunz.  Tliis  specimen 
wa»  the  first  from  Abu  Slm'ar  which  I  had  examined,  and  thus 
I  was  first  led  to  tiie  view  that  the  limestones  of  that  locality  were 
Pleistocene.  But  when  sections  of  the  other  specimens  from  that 
locality  were  available,  they  all  proved  to  be  of  Miocene  age. 
Either  this  one  species  has  an  abnormally  long  life  or  there  is  some 
error  in  the  localization  of  the  specimen. 

Tlie  Miocene  coral  fauna  resembles  that  of  the  Miocene  of  the 
Mediterranean  and  of  Sind,  and  it  lacks  several  of  the  commonest  of 
the  modern  genera  of  Ued  Sea  corals,  e.g.  Jfadrepora  and  Stylophora, 
The  geology  of  the  area  is  described  in  Messrs.  Hume  & 
Barron's  valuable  memoir,  **  Topography  and  Geology  of  the  Eastern 
Desert  of  Egypt"  (Cairo,  1902). 

A  previous  collection  was  described  in  the  Geol.  Mag.,  Dec.  IV, 
Vol.  V,  1898,  pp.  241-251,  Pis.  VIII  and  IX. 

I.  CBETACEOUS. 

Smilotrochus  (?)  sp. 

Tliero  is  one  specimen  (Xo.  3795)  from  the  eastern  end  of  the 
Abu  Roash  village,  which  appears  to  me  to  belong  to  this  genus, 
but  I  cannot  recognize  the  septal  structure,  as  the  specimen  has 
been  so  greatly  altered ;  the  chances  that  a  thin  slice  would  show 
the  internal  characters  do  not  seem  to  me  to  justify  the  injury  that 
would  be  caused  to  the  specimen.  It  is  figured  (PI.  VI,  Fig.  1)  in 
the  hope  of  the  discovery  of  fresh  material. 
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II.   MIOCENE. 
FAVIA,  Oken,  1815. 

Favia  humbi,  n.sp.     (PL  VI,  Fig.  2.) 

Diagnosis. — Corallum  massive ;  surface  subplane.  Compact  and 
dense  in  texture,  with  the  exotheca  well  developed  in  horizontal, 
platform-like  layers. 

Corallites  mostly  elliptical  and  deformed  ;  rarely  circular.  Their 
diameter  is  small.  Corallites  crowded,  but  the  calicular  edges  are 
separated  by  well-marked  furrows,  1-1^  mm.  across. 

Septa,  3  complete  cycles  ;  an  incomplete  fourth  cycle  may  be 
present.     Paliform  lobes  indistinct 

Calices  shallow. 

Dimensions. — The  fragment  of  corallum  measures : — 

Len^h  ...        ...        ...        ...        ...        ...        ...        80 mm. 

**  AU vl&        •••  •••  •••  •••  •■•  •••  •••  t/w      I y 

XI11CKD6B8      •••     •••     ••#     •••     •••     •••     *kO    |y 

Corallites : — 

Diameter  3  or  4  mm.  wide,  by  4|mm.  long. 

Calicinal  centres : — 

Distance  ...        ...        ...        ...        ...        ...      6— 6mm. 

Distribution.  —  Miocene.  From  Reef  No.  2,  plateau  between 
Camps  27  and  28,  Wadi  Belih,  Abu  Sha'ar.  Collected  by  Mr.  T. 
Barron,  H  1780. 

Figures. — PI.  VI,  Fig.  2,  part  of  the  surface  of  the  corallum, 
by  1^  diameter. 

jiffinities. — ^This  species  is  easily  distinguished  from  those  that 
most  nearly  resemble  it,  by  the  small  size  of  the  corallites.  Its 
nearest  ally  seems  to  me  to  be  F.  savignyi,  Ed.  &  H.,^  in  which 
the  calices  are  12-15  mm.  wide  and  4r-5  mm.  deep. 

Favia  corollaris  (Reuss) '  has  corallites  from  7  to  8*5  mm.  in 
diameter,  and  they  are  more  constantly  circular  in  form. 

ORBICELLA,  Dana,  1848. 

1 .   Obbicklla  mbllahioa,'  n.sp.     (PI.  VI,  Figs.  3  and  4.) 

Diagnosis. — Corallum  large,  massive,  with  subplane  upper  surface, 
which  is  ornamented  by  the  slightly  raised  calicinal  borders ;  by 
the  long  and  often  confluent  costse,  between  which  are  occasional 
large  granules. 

Corallites  long,  circular,  or  elliptical ;  diameter  from  4-5  mm. 
Walls  of  medium  strength,  being  about  half  a  millimetre  in  thickness. 
Calices  very  shallow  in  well-preserved  corallites  ;  borders  low. 
Septa  3  cycles,  with  an  occasional  rudimentary  septum  of  a  fourth 
cycle  in  the  largest  corallites.     In  larger  corallites,  with  the  best 

*  Edwards  &  Haime:  Hist.  nat.  Cor.,  vol.  ii,  p.  437. 

2  Von  Reuss,  Kor.  ost.  ung.  Mioc. :   Denk.  Akad.  Wiss.  Wien,  vol.  xxxi  (1872), 
p.  238,  pi.  xii,  fig.  3. 
'  Aher  Jebel  Mcllaha,  the  locality  of  the  type-specimen. 


H 1856. 

loo  mm* 

120    „ 

95   „ 

4    „ 

5  and  7  mm. 
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developed  oolamella,  the  septa  of  the  first  and  seoond  cycles  reach 
tLe  columella.     Exotheca  coarsely  vesicular,  abundant. 
Columella  well  developed. 
Dimetuions  : — 

*  Type-specimen  (a  fragment 

of  a  much  larger  mass) 
H 1862. 
Length  ...        ...        ...        ...        128  mm. 

< '  IQvU     ...  ...  ...  ...  I o    ff  ... 

Thickness  40  ,, 

Corallites : — 

Diameter  ...  4mm.,  occasionally  5   „ 

Calicinal  centres : — 

Distance  ...     6-9  mm.,  arerago  7   ,, 

Distribution, — Miocene.  West  flank  of  Jebel  Mellaha,  II  1862 ; 
H  1856.  Eeef  No.  2,  plateau  between  Camps  27  and  28,  Wadi 
Belih,  Abu  Sha'ar,  H  18186.    "  Beach  Plateau,"  Abu  Sha'ar,  H  1780a. 

Figure*.— PI.  VI.  Fig.  3,  part  of  the  surface  of  H  1862,  by  1^  diam. 
Pig.  4,  some  corallites  of  H  18186,  by  2  diam. 

Affinities. — ^This  species  is  a  typical  Orbicdla  with  corallites  of 
medium  size.  It  is  nearest  to  O.  defrancei  (Ed.  &  K.)^  from  the 
Miocene  of  Bordeaux,  Turin,  and  Asia  Minor.  But  it  differs  as  the 
corallites  are  much  smaller,  having  an  average  of  4^  mm.  in  diameter 
instead  of  6-7  mm.,  and  in  most  cases  the  corallites  have  only 
3  cycles  of  septa.  0.  defrancei  has  a  fourth  cycle,  sometimes 
incomplete  ;  but  0.  mellahica  has  3  cycles  with  an  occasional 
corallite  with  a  rudiment  of  the  fourth.  In  0,  Jiumphreysi,  Felix,* 
the  diameter  of  the  calices  is  only  2*5  to  3  mm. 

It  differs  from  0.  schweinfurthif  Felix,^  in  the  same  characters  as 
those  whereby  it  differs  from  0.  defrancei. 

Of  the  three  Miocene  Orbicellte  from  Sind  described  by  Duncan, 
it  is  nearest  to  0.  digitata,  Dune.,*  which  has  smaller  calices  and 
a  smaller  columella,  and  an  average  distance  between  the  calicinal 
centres  of  only  4  mm. 

2.   Obbicella  scnwEiNPURTHi  (Felix),  1884.     (PI.  VI,  Fig.  5.) 

Sfliaatrfva  sehiceinfurthif  Felix,  1884,  Kor.  iigypt.  Tert. :    Zcit.  deut.  j^tol.  Ges., 

vol.  xxxvi,  p.  H9,  pi.  V,  fi«j^.  5. 
OrhicfUa  s^chxceiffurthi,  (rrpiror)',  1898,  E^T)t.  Foss.  MaJrop. :  Gkol.  Mag.,  Due.  IV, 

Vol.  V,  p.  246,  ri.  IX;  Fi^-.  3. 

Distribution. — Miocene  :  Wadi  Ranilieh  (Felix)  ;  north  side  of 
Jebel  Attaka,  near  Suez  (Gregory);  west  flank  of  Jebel  Mellaha, 
H  1862  ;  *'  Beach  Plateau,"  Wadi  Belih,  H  1782  ;  ''  Beacli  Plateau," 
Aba  Shaar,  H  1818. 

^  Edwanls  &  Ilaime:   Ann.  Sci.  nat.,  ser.  iii,  vol.  xii  (1850),  p.  lOG  ;  Hist.  nat. 
Cor.,  vul.  ii,  p.  -405. 

*  Felix,  Stud.  tt'Ti.  und  quart.  Kor.  a;^i)t.  und  Siuaihalbinsel :  Zeit.  deut.  pjeol. 
Ges.,  vol.  Ivi  (1904),  p.  171,  pi.  x,  %  2.' 

*  iVbx,  Korallen  agj-pt.  Tert.:   Zeit.  deut.  geol.  Ges.,  vol.  xxxvi,  p.  419,  pi.  v, 
fi?.  5. 

*  P.  M.  Duncan,  Mon.  Foss.  Corals  and  Alcvonaria  of  Sind:   Pal.  Ind.,  ser.  xiv 
(ISSO),  pp.  90-91,  pi.  xxi,  figs.  7-8. 


64      Prof.  J,  W.  Gregory — FobsU  Corals  from  Egypt ^  etc. 

Figure. — PI.  VI,  Fig.  5,  a  few  oorallites  of  H  1862,  nat.  size. 

This  species  is  a  veiy  olose  ally  of  0.  defrancei  (Ed.  &  H.),  from 
which  it  differs  by  the  walls  of  the  oorallites  being  thinner,  and  by 
having  some  of  the  exothecal  dissepiments  arranged  concentrically 
like  a  second  wall,  as  shown  in  a  figure  (Geol.  Mao.,  1898,  PI.  IX, 
Fig.  3).  This  feature  is  well  shown  among  the  present  collection 
by  specimen  No.  H  1862,  of  which  the  corallites  are  figured  on 
PL  VI,  Ilg.  5. 

3.  Obbioella  dsfbangei  (Edwards  &  Haime),  1850. 

(PL  VI,  Fig.  6.) 

Astrea  defrancei,  Edwards  &  Haime,  1850 :  Aon.  Sci.  nat.,  ser.  in,  toI.  xii,  p.  106. 
Seliastrea  defrancei^  Edwards  &  Haime,  1857  :  Hist.  nat.  Cor.,  vol.  ii,  p.  465. 
HeUastrea  defrancei^  Yon  Reuss,  1872,  Eor.  ost.  ung.  Mioc. :   Dcnk.  Akad.  Wi&s. 

Wien,  vol.  xxxi,  p.  239,  pi.  ix,  fig.  3 ;  pi.  x,  fig.  1.  03^^ 

Orbieella  cf.  defrancei,  Felix,  1904,  Tert.  quart.  Kor.  agypt. :  Zeit.  deut.  geol.  Ges., 

vol.  Ivi,  p.  172. 

Distrihution, — Miocene.  France,  Italy,  Austria,  Crete,  and  Asia 
Minor.  Egypt,  west  flank  of  Jebel  Meliaha,  H  18626  ;  Abu  Sha*ar, 
H  1768.     East  of  Cairo  (Felix). 

Figures. — PL  VI,  Fig.  6,  a  few  corallites  from  a  transverse  section, 
by  1^  diameter.  These  show  the  relation  of  the  species  to  its  ally 
0.  sehweinfurthi. 

SOLENASTE-ffiA  (Edwards  &  Haime),  1848. 

SOLENASTR-BA   BLLIPTIOA,   n.Sp.        (PL   VII,   Fig.    11.) 

Cornllum  large,  massive;  the  corallites  are  long  and  cylindricaL 
Corallites  extremely  crowded.  They  are  elliptical  in  section, 
separated  by  a  narrow  band  of  cellular  exotheca,  while  on  the 
surface  the  walls  sometimes  appear  confluent.  Calicular  edges  only 
slightly  raised. 

Septa,  three  complete  cycles,  of  which  the  primary  and  secondary 
are  subequal  in  size. 

Columella  very  imperfectly  developed ;  rudimentary  in  many 
corallites. 

Dimensions, — The  specimen  is  a  fragment : — 

I>ength  ...        ...        ...        ...        ...        ...        110  mm. 

<>  lUlU  ...  ...  ...  ...  ...  ...  Om     ,, 

X  lUCKIlvSo  ...  ...  ...  ...  ...  ...  XXO,, 

Corallites : 

Diameter         2mm.  by  1*25  „ 

Calicinal  centres  : 

jJistanco  ...        ...        ...        ...        ...        ...        jk^u  , , 

F'gures. — PL  VII,  Fig.  11a,  part  of  the  surface,  by  2  diam. ; 
Fig.  116,  part  of  a  transverse  section,  by  4  diam. 

Distribution. — Miocene :  Abu  Sha'ar,  H  1818a. 

Affinities. — This  agrees  very  closely  with  S,  chalddicum  (Forsk.) 
in  the  size  of  its  corallites,  the  subequal  size  of  the  primary  and 
secondary  septa,  and  rudimentary  development  of  the  columella. 
It  differs  by  the  elliptical  shape  of  the  oorallites,  and  the  fact  thai 
the  septa  are  larger  and  more  conspicuous  on  the  surface,  and  the 
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edges  of  the  oalices  are  less  raised.  Ifc  is  allied  to  S.  iuroneMXB 
(Mioh.),'  from  the  Miocene  of  Tarin,  but  that  has  rounded  corallites. 
it  differs  markedly  from  S,  tenera  (Beuss),'  its  nearest  ally  in  the 
Austrian  Miocene,  owing  to  the  much  greater  distance  between 
the  corallites  in  that  species ;  they  are  also  more  circular.  I  feel 
doubtful  whether  this  species  is  not  merely  an  elliptical  yariety 
of  the  recent  Bed  Sea  species,  8.  chalcidicum  (Forsk.),  of  which 
a  specimen  from  the  raised  reefs  of  Qosseir  is  shown  on  PI.  YII, 
Fig.  12.  S.  anomcda,  Felix,'  from  east  of  Cairo  has  round  and 
crowded  calices. 

STYLINA,  Lamarck,  1816. 

Sttlina  tktsaheba,  n.8p.     (PI.  YI,  Fig.  7.) 

Corallum  massive ;  upper  surface  subplane. 

Corallites  long  and  narrow ;  generally  round  and  oval ;  crowded, 
l^e  walls  on  the  surface  occur  sometimes  as  sharp  ridges,  while  in 
oth^*  parts  they  are  separated  by  narrow  depressions.  Sections  in 
L*o  interior  of  the  corallum  show  that  the  corallites  are  nearly 
always  separated  by  interspaces  crossed  by  some  of  the  costse. 

Calices  very  deep. 

Septa  irregular;  those  of  the  first  cycle  very  distinct;  one  series 
of  septa  is  much  more  conspicuous  than  the  other ;  and  as  this 
aeries  often  consists  only  of  4  or  5  septa,  some  corallites  have 
a  tetrameral  aspect.  This  structure  is  less  often  noticed  in  sections 
through  the  iuteriur  of  the  corallum.  There  are  two  complete  cycles, 
and  the  third  cycle  is  usually  incomplete. 

Columella  irregular.  Seen  from  above  it  is  conspicuous  and 
joined  to  the  4,  o,  or  6  largest  septa,  and  it  often  projects  into  the 
calice  as  if  it  were  styliform.  Sections  show  that  its  structure  is 
less  regular;  but  a  central  styliform  columella  is  often  recognizable. 

Dimensions, — Corallum  : — 

Length  ...         ...         ...         ...         ...        ...         160mm. 

Thickness         80   ,, 

Corallites  : 

Average  diameter        3  by  2   ,, 

Calicinal  centre : 

Average  distance         3   ,, 

Distribution, — Miocene :  Plateau,  Abu  Sha'ar,  H  1818. 

Figures. — PI.  VI,  Fig.  7,  part  of  the  surface  of  the  corallum, 
by  2  diam. 

Affinities. — This  species  is  one  of  those  that  serve  to  link  Stylina 
to  the  Orbicelloids,  as  it  is  in  all  respects  a  Stylina  except  that  the 
oolumella  shows  a  tendency  to  become  trabecular. 

*  Michelin :  Icon.  Zoouh.,  p.  312,  pi.  Ixxv,  Iiot.  1-2. 

*  Explanaria  tenera,  Keuss:  Polyp.  Wien.  Tert.,  1847,  p.  18,  pi.  iii,  fig.  2. 
ScUnastrau  tenera,  Reuss,  Kor.  ost.  uug.  Mioc. :  Denk.  Akad.  Wlss.  Wien,  vol.  xxxi 
(1872),  p.  242,  pi.  vM,  fig.  6. 

*  Felii,  up.  cit.:  Zeit.  deut.  geol.  Ges.,  vol.  Ivi  (1904),  p.  173,  pi.  x,  fig.  3. 
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The  tetrameral  arrangement  reminds  me  of  Stylina  faujasi, 
Ed.  &  H.,^  but  in  that  species  the  primary  and  secondary  septa  are 
equal. 

LEPTASTR-ffiJA,  Edwards  &  Haime,  1848. 

LxPTASTBiBA  BABBONI,  n.Sp.       (PL  VI,  Fig.  8.) 

Diagnosis. — Corallum  large  and  massive,  with  subplane  upper 
surface ;  and  the  corallum  is  built  up  of  long,  narrow,  cylindrical 
oorallites ;  but  on  weathered  edges,  and  in  sections,  it  appears  to  be 
made  of  successive  layers. 

Corallites  long  and  cylindrical ;  narrow ;  2-3  mm.  in  diam.,  and 
often  oval  in  section.  On  fresh  surfaces  the  edges  of  the  corallites 
are  slightly  raised.  The  walls,  seen  in  section,  are  thin  and 
connected  by  fine,  vesicular  exotheoa.  The  corallites  are  close 
together,  being  separated  by  a  very  narrow  band  of  exotheca,  which 
is  marked  on  the  surface  as  a  narrow  groove  around  the  calicular 
edges ;  but  occasional  calioes  are  so  crowded  that  the  calicular 
edges  are  in  contact. 

Septa  thin ;  they  are  long  in  the  primary  cycle ;  those  of  the 
secondary  cycle  may  reach  half-way  to  the  axis,  but  in  the  interior 
they  may  reach  the  enlarged  trabecular  columella.  The  third  cycle 
is  little  more  than  rudimentary.     Primary  septa  exsert. 

Columella  appears  as  a  small  tubercle  from  the  surface,  but 
sections  show  that  it  is  trabecular.  It  is  of  medium  size,  and  then 
joins  the  two  first  cycles  of  septa. 

Dimensions, — Corallum : — 


Length 

Width 

Thickness 

Corallites : — 

Diameter 

Calicinal  centre : — 

Average  distance 


«  •  •  •  •  • 


■  •  •  •  •  • 


•  •  •  ft  •  • 


185  mm. 
...         loo   ,, 
75   ,, 

•••      3—3*5   ,, 


Distribution, — Miocene :  top  of  the  Abu  Sha'ar  Plateau,  west  of 
the  Bed  Sea,  south-west  of  Jebel  Zeit,  H  1864. 

Figures. — PI.  VI,  Fig.  8a,  part  of  surface,  by  2  diara. ;  Fig.  86, 
another  part  of  the  same  specimen,  by  2  diam. ;  Fig.  Sc,  section  of 
interior  of  the  same  specimen,  by  2  diam. 

Affinities. — This  coral  is  well  preserved  and  its  features  are  very 
distinct.  The  narrow  diameter  of  its  corallites  gives  it  a  close 
resemblance  to  Plesiastraa,  but  it  has  no  pali.  The  coral  which 
seems  to  be  its  nearest  ally  is  the  recent  Red  Sea  coral,  Zeptastraa 
hottai  (Ed.  &  H.),^  which  has  a  less  conspicuous,  less  substyliform 
columella.  L.  bottai,  moreover,  may  have  a  fourth  cycle  of  septa, 
and  its  primary  and  secondary  septa  are  described  by  Elunzinger  as 
equal ;  and  its  corallites  are  from  3  to  4  mm.  in  diameter. 

*  Edwards  &  Haime:  Hist.  nat.  Cor.,  vol.  ii,  p.  243. 

'  Edwards  &  Haime :  Hist.  nat.  Cor.,  vol.  ii,  p.  486,  pi.  d7,  fig.  1.  Klunzinger : 
op.  cit.,  pt.  3,  p.  44,  pi.  V,  fig.  9. 


Wsst.Newiooji  imp. 

Fossil  Corals  from  Eastern  Egypt.. 
Fig.  1.  Cretaceous,  figs  2-8  Miocene. 
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ACANTHASTRSA,  Edwards  &  Haime,  1848. 

ACAHTHASTBiBA  HIBSUTA,  Ed.  &  H.,  1850,  Tftr.  UGALOSTOlIAy 

Klanzinger. 

Edwards  &  Haime,  1850 :  Ann.  8ci.  nal,  ser.  m,  toI.  zii,  p.  145 ;   18679  Hiii. 

nat.  Cor.,  toI.  ii,  p.  602,  pi.  d 6^  fig.  4. 
Xhm ringer,  1879 :  Korallth.  roth.  Meer.,  pt  in,  p.  42,  pi.  t,  figs.  1-2. 

DUtrihulion, — Becent:  Bed  Sea  and  Indian  Ooean.  Foitil, 
Pleiatooene :  Egypt  (Jide  Edwards  is  Ebdme).  Miocene :  "  Beach 
Plateau,"  Aba  Sha'ar,  H  1812. 

1  can  recognize  no  specific  distinction  between  this  coral  and  the 
recent  species,  and  it  even  appears  to  be  referable  to  one  of 
Klonzinger's  two  varieties  of  (he  species. 

STTLOCCBNIA,  Edwards  &  Haime,  1848. 
Styloc(enia  tubkboulata,  n.sp.     (PI.  VII,  Figs.  9a,  &.) 

DiagnoM,  —  Corallam  massive,  nodalar,  contracted  below  to  a 
sabpedanculate  form ;  npper  surface  convex  and  well  rounded. 

Corallites  about  2*5  mm.  in  diameter,  very  crowded,  separated  by 
thin,  well-raised  walls,  with  the  angles  raised  as  short,  blunt 
tubercles.  The  tubercles,  however,  are  low,  and  not  always 
present,  so  that  parts  of  the  surfoce  appear  like  A$iro€cmta. 
Corallites  polygonal  to  circular.     Calice  shallow. 

Columella  conspicuous,  styliform,  sometimes  laterally  compressed. 
Septa,  3  cycles ;  those  of  the  first  and  second  cycles  are  equal  and 
reach  the  columella ;  those  of  the  third  cycle  are  much  smaller. 

dimensions. — Corallum  : — 

Ij^n^h   ...         ...         ...         ...         ...         ...        ...        Gl  mm. 

*  *  lU  I  Ix    •••       •••       •••       •••       •••       •••       •••  99 

Thickness  ...        ...         ...         ...         ...         ...        50   ,, 

Corallites : — 

Diameter  ...        ...        ...        ...        ...        ...      2-3   ,, 

Columella : — 

Diameter  about  'S-'G  „ 

Calicinal  centres : — 

Average  distance  3  ,, 

Distribution,  —  Miocene:  on  plateau,  1,200  feet  above  sea-level, 
between  Camps  27  and  28 ;  Wadi  Belih  ;  eastern  side  of  the  Eed  Sea, 
to  the  south  of  Jebel  Zeit.     No.  H  1814. 

Figures. — PL  VII,  Fig.  9a,  the  corallum  from  the  side,  nat.  size ; 
Fig.  96,  part  of  the  surface,  by  2  diam. 

Affinities, — In  the  absence  of  recorded  species  of  Styloccenia  in 
Egypt  it  is  natural  fii-st  to  compare  this  species  with  Astrocoenia 
(vgyptica,  Felix,*  which  appears  to  be  a  true  Astroccenia, 

Its  nearest  ally  appears  to  be  Styloeoenia  vicaryi,  Haime,  which  has 
been  well  described  and  figured  by  Duncan';  his  account  shows 

J  J.  Felix.  Kor.  agypt  Tert.:  Zeit.  deut.  geol.  Ges.,  vol.  xxxvi  (1884),  p.  438, 
pi.  iv,  fi^.  5-6. 

2  P.  M.  Duncan :  Mon.  Foes.  Corals  and  Alcyonaria  of  Sind,  1880,  pp.  32-33, 
pi.  xiii,  figs.  4-7. 


H  1814  a. 

H1812. 

110mm. 

120  mm. 

60  „ 

85  ,, 

75  „ 

180  „ 
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that  the  Indian  ooral  has  more  rounded  oorallites,  which  are  often 
separated  by  a  well-marked  furrow  ;  the  furrow  is  sometimes  absent, 
and  then  the  oorallites  become  polygonal.  The  columella  of  S.  vicaryi 
is  also  rounded. 

PRIONASTR^A,  Edwards  &  Haime,  1848. 

Pbionastrsa  lyonsi,  n.sp.      (PI.  VII,  Fig.  10.) 

IHagnosis. — Oorallum  heavy,  massive,  with  apparently  subplane 
upper  surface. 

Oalices  apparently  shallow. 

Gorallites  large,  average  diameter  of  16  mm. ;  polygonal  and  very 
crowded. 

Septa  coarse.  An  incomplete  fourth  cycle.  Usually  the  primary 
and  secondary  cycles  are  united  to  the  columella. 

Columella  large,  but  loosely  trabecular,  and  not  very  well 
developed. 

Walls  inside  the  oorallum  are  thin  and  inconspicuous. 

ihmeitst 0718.— Oorallum  (fragment  of  a  large  oorallum) : — 

hength  ... 

f V  ICIVjI     ...  ...  ...  ... 

Thickness  

Corallites : 

Diameter  16-17  „ 

Calicinal  centre : 

Distance  16-17  „ 

Distribution, — Miocene  :  plateau,  1,200  feet  above  the  sea,  between 
Camps  No.  27  and  28;  Wadi  Belih,  H  1814a;  plateau  of  Abu 
Sha'ar,  11  1812. 

Figures.— FL  VII,  Fig.  10a,  part  of  worn  surface  of  the  oorallum 
(of  H  1814a)  showing  the  rudimentary  open  columella,  nat.  size; 
Fig.  102).  part  of  thin  section  of  the  same  specimen,  nat.  size. 

Affinities, — The  two  nearest  allies  of  this  species  appear  to  be 
P.  irregularis  (Defr.),*  from  the  Miocene  of  Dax  and  Turin,  which 
has  the  same  general  characters  and  very  thin  walls.  But  that 
species  differs  in  that  its  corallites  are  only  10  mm.  in  diameter, 
and  its  septa  are  described  by  Milne  Edwards  &  Haime  as  very  thin. 
The  nearest  ally  of  P,  lyonsi  among  living  corals  is  P.  australiensis 
(Ed.  <S;  H.),'  which  has  oorallites  only  10  mm.  diam.  P.  tes$eri/era 
(Ehrb.)'  18  the  nearest  of  the  living  Eed  Sea  species,  and  has 
corallites  of  the  same  size;  but  it  has  much  thinner  septa,  and 
larger,  more  compact  columella. 

*  Aatrea  irregnlarit,  Defrance:  Diet.  Sci.  nat.,  vol.  xlii  (1826),  p.  381.  Friott' 
aatraa  irregularis^  Edwards  k  Haime,  1850  ;  and  1857,  Hist.  nat.  Cor.,  toI.  ii, 
p.  622. 

"  Edwards  &  Haime,  1867:  op.  cit.,  p.  520. 

•  Astrea  teisei-iferay  Ehrenberg,  1834,  Beitr.  Corallenth. :  Abh.  k.  Akad.  Wiss. 
Berlin  fiir  1832,  p.  321.    See  Klunzinger,  1879,  pt.  iii,  p.  37,  pi.  iv,  fig.  9. 

(To  he  eoncludfd  in  our  next  yiimber,) 
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Fossil  Corals  irom  .nasiern  F.Jvpt  i'.c 
y:^^  9 -JI  Miocene.  Fig^l?.-'A  Pieiwlc-.'.e.m'. 
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m,  —  NoTK   OS   TH*  Chabaotisks  o»    the   HtMOK    Plate    iit 

AriCCLOPECTES    SEHICOSTATCS,     FOKTLOOE,    flP. 

Br  'WmzLroN  Hihii,  H.D.,  B.S.,  F.S.C.S.,  F.Q.8. 

MB.  JOHN  SMITH,  of  EilwiaoiDg,  has  been  fortunate  enough 
to  obtain  from  the  Lower  Limeatona  aeries  of  Auohenmade, 
A^Bhire,  a  speoimen  of  the  left  valve  of  Aviadopecten  semieoitalut, 
Fortlock,  sp.,  which  shows  the  binge  plate  and  interior  most  perfectly 
preserved.  Hitherto  a  study  of  the  hinge  plate  of  Aeieulopeeteu  has 
been  made  from  Bpecimens  which  were  merely  costs  of  the  interior, 
ud  coneeqaently  it  baa  been  impossible  to  abserre  that  portion  of  the 
hinge  plate  immediately  interior  to  the  umbo.  Tbe  Anchenmade 
■pecimen  advanoeB  our  knowledge  of  tbe  a&atomy  of  tbe  genus,  and 
Mtablisbes  a  character  denied  for  it  by  ite  author,  M'Coy. 

We  now  know  that  Avietiiopeeten  possessed  a  median  oartilage  pit, 
in  tbe  centre  of  the  elongate,  somewhat  bollow,  flattened  binge 
plate.  Tbe  pit  ia  comparatively  laige  and  transverse;  tbe  rest  of 
the  binge  plate  is  feebly  striate  longitudinally.  Along  the  upper  edge 
of  Ibe  posterior  part  of  the  binge-line  ia  a  row  of  erect  tubercles. 


LffI  ra!iP  of  AHenlup  rlen  Kiiiiemtaiiia  I'ortl  ,  sp  flhomiig  tho  hingo-jiliito  imJ 
iiiierii^r  niiv  <■!  lalvt  Lmttr  Limi«loue  icnes,  AuchcnmaJc,  AjTsliire. 
Tlie  name  Aoicnlopeeien  wns  given  by  M  Coy  to  tbosf  Pulojozoio 
forma  of  Feelen  m  whicli  the  posterior  tar  waa  larger  tliiin  the 
snlerior,  and  tbe  supposed  absence  of  a  mesial  lij^amenlary  pit  in 
the  hinge  plale  caused  him  to  imagine  that  tlie  afEiiiity  of  the  genus 
was  structurally  nearer  to  Anifata  than  Pecten.  We  now  know  (bat 
typical  Peeteu  characters  existed  in  Carboniferous  timen,  and  that 
Atic'iiopeelen.  aa  at  present  restricted,  ia  very  closely  allied  to  J'ecten, 
yet  sufficiently  distinct  to  merit  a  different  generic  name.  M'Coy 
included  PterinopeeCen  with  Avieulopecten,  but  unfortunately  we 
know  very  little  about  ita  binge  plato,  only  tlmt  of  P.  riij'ulas 
having  been  observed.  There  ia  no  (hmbt  of  tlie  propriety  of  Hull's 
subilivision  of  the  Paleeozoic  Poctinidte,  one  which  1  have  adopted 
in  my  monograph  on  the  British  Garbunirerous  LamelUbt&nc\iB. 
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IV. — The  Eeptant  Eleid  Polyzoa. 

By  W.  D.  Lang,  M.A.,  F.Z.S.,  F.G.S.,  of  the  British  Museum  (Natural  History). 

rilHE    Eleidsd   are   a  very  natural    family  of  extinct   Polyzoa, 


1 


remarkable  for  exhibiting  charaoters  relative  to  both  the 
groups  Cyclostomata  and  Cbeilostomata.  It  is  not,  however,  the 
affinities  of  this  with  other  families  that  are  here  considered,  but 
a  means  of  determining  by  zooecial  characters  the  reptant  '  species ' 
within  the  group;  the  validity  of  the  'genera'  forming  it;  the 
occurrence  in  England  of  one  of  the  'genera' — Semimultelea — 
hitherto  unrecorded  from  Britain ;  the  description  of  a  new  species 
of  this  '  genus ' ;  and  the  phenomenon  of  local  groups  of  zooecia 
having  characters  differing  from  those  of  the  rest  of  the  zoarium. 

The  systematic  position  of  the  Eleids  has  been  discussed  by 
Gregory,*  wliose  account  of  the  group  in  the  British  Museum 
Catalogue  this  paper  may  be  considered  as  summarising  and  as 
supplementing. 

Before  considering  the  points  mentioned  it  will  be  convenient  to 
tabulate  the  'genera'  of  Eleids  as  at  present  established.  As  in  the 
families  of  Cyclostomes,  the  Eleidaa  fall  into  series  founded  on  the 
habit  of  the  whole  colony  (the  zoarium).  Tlie  general  sequence 
is  from  single  series  of  individuals  to  enci-usting  sheets,  to  foliate 
erect  sheets,  to  erect  cylindrical  branches.  The  following  table  shows 
this  sequence  in  the  Eleidsd  and  in  two  families  of  Cyclostomes' : — 


Eleidjg. 

TUBULI- 
PORID^. 

CLArSlD-E. 

_^ 

No  avicu- 

VVithavicu- 

laria. 

aria. 

1.  Encrusting  zoarium  composed 
ot  uniserial  rows  of  indi- 

Stomatopora. 

X 

X 

X 

viduals  (zooocia). 

2.  Encrusting  zoarium  composed 
of    biserial    to    pauciserial 

Probo8citta» 

X 

X 

X 

rows  of  zooDcia. 

3.  Encrustingmultiserial  zoarium 
composed  of  sheets  (lamina*) 
of  zooMjia.     Unilaminar. 

Berenicea, 

Cryptoglcna, 

RepteUa. 

ReptO' 
cerititet. 

4.  Encrusting  zoarium  of  super- 
imposed lamina).  Bilaminar- 
multilaminar. 

HeptO' 
mitUinparsa. 

Clami- 
multeha. 

Semi' 
multelea. 

Repto- 
multelea. 

5,  Erect  bilaminar-multilaminar 

Diastopora, 

Ditaxia, 

Elea, 

X 

foliate  zoarium. 

C.  Zoarium  of  unilaminar 

Entalophora. 

Ciauaa, 

Nodelea, 

Meli- 

cylindrical  branches. 

eerititet. 

7.  Zoarium  of  multilaminar 

X 

Multielauaa, 

MulleUa. 

Inversaria, 

cylindrical  branches. 

^  J.  "W.  Gregory :  British  Museum  Catalogue  of  Cretaceous  Bryozoa,  vol.  i  (1899). 
^  See  alsu  for  a  small  table  of  this  kind,  Gregory,  British  Museum  Catalogue  of 
Jurassic  Brjozoa,  1896,  p.  29. 
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This  table  shows  that  the  Eleid  'genera'  fall  into  two  groups, 
those  with  avioalaria  and  those  without  them.  The  former  series 
has  no  term  oorresponding  with  Elea  in  the  other  series,  that  is,  no 
erect  foliate  '  genus.'  Both  series  are  wanting  in  the  more  primitive 
types  of  zoarium,  those  that  are  encrusting  and  consist  of  zooecia 
arranged  either  in  single  series  or  two  or  three  abreast 

L  The  Determination  or  Species  and  the  Mobpholoqt  or 

THE   ZOOSOIUM. 

The  individuals  (zooecia)  of  an  Eleid  colony,  exclusive  of  goncecia 
and  of  gonocystSy  may  be  of  three  kinds — 

1.  Normal  zooecia. 

2.  Avicularia. 

3.  Closed  zooecia* 

In  half  the  'genera'  avicularia  are  absent.  Closed  zooecia  only 
differ  from  normal  zooecia  in  the  possession  of  a  calcareous  covering 
to  the  apertures.  Therefore,  it  is  only  by  means  of  the  normal 
zooecia  that  the  specific  characters  of  the  whole  family  can  be 
brought  into  line.  For  this  purpose  the  characters  of  the  aperture 
appear  most  useful  on  account  of  their  variety  and  the  ease  with 
which  they  can  be  seen.  The  shape  of  the  zooecia,  the  character 
of  their  boundaries,  and  the  frequency  or  rarity  of  the  apertures 
vary  so  moch  in  a  single  zoarium  that  they  are  of  little  use  as 
specific  indices.  In  one  species  at  least,  Semimultelea  aciipunctata 
(Novak),  the  character  of  the  punctation  of  the  front  wall  is  used. 
Consideration  of  this  character  in  the  Jurassic  forms  of  Stornatopora 
has  led  the  author  to  consider  that  it  is  of  little  practical  use  in 
specific  determination,  because  it  is  only  clearly  shown  under 
favourable  conditions  of  preservation  or  of  subsequent  weathering.* 

In  some  species  the  distal  end  of  the  zoa3cium  in  the  neio^hbourhood 
of  the  aperture  is  on  the  general  level  of  the  surrounding  zooecia. 
Such  zooecia  are  described  as  immersed.  When  the  distal  parts  of 
the  zooecium  rise  above  the  general  level  of  the  surrounding  zooecia 
the  zoa3cium  is  said  to  be  emergent. 

The  apertures  in  the  various  species  differ  in  their  actual  size,  the 
relation  of  their  diameter  to  that  of  the  zooecia,  their  shape,  and  the 
nature  of  their  border.  In  any  given  zoarium  the  shape  of  the 
apertures  will  vary  considerably ;  for  instance,  from  triangular  with 
rounded  angles  to  circular.  Therefore,  in  determining  a  species,  the 
shape  of  the  majority  of  apertures  must  be  taken,  and  if  this  is  done 
the  use  of  the  table  below  should  not  prove  difficult. 

A  triangular  shape  of  aperture  may  be  taken  as  morphologically 
typical  of  the  family.  This  triangle  may  be  equilateral ;  or  isosceles 
with  a  small  distal  angle  (Fig.  11) ;  or  the  equilateral  triangle  may 

^  "W.  D.  Lan^:  **  Jurassic  Forms  of  the  *  genera*  Stornatopora  and  Frobosciim/' 
Geol.  Mao.,  1904,  p.  318 ;  and  **  Stornatopora  antiqua^  Ilaime,  and  its  related 
Liassic  Forms,"  Geol.  Mao.,  1905,  p.  258. 
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he  modified  and  the  distal  angle  be  replaoed  by  a  sharp  point 
O^g-  d)  'f  AgAiziy  ^0  distal  angle  or  the  two  proximal  angles,  or  all 
three  angles,  may  be  rounded  off  (Fig.  10) ;  and  when  this  is 
extreme  the  aperture  becomes  subtriangolar  (Figs.  4,  5,  and  6)  and 
finally  circular  (Fig.  2).  The  extreme  roonding  of  the  distal  angle 
only  gives  a  semicircular  aperture  (Fig.  8).  Finally,  by  the  bulging 
inwards  of  the  sides  a  triangular  aperture  becomes  trifoliate  (Fig.  1). 


/: 


//. 
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Fios.  1-11.  —  Diagrammatic  representatioiiB  of  the  apertures  of  Eleids.      (See 
explanation  of  figures  at  the  end  of  the  text,  p.  68.) 

The  following  table  determines  the  species  of  the  reptant  Eleids 
regardless  of  zoarial  characters.  Species  marked  F  occur  abroad, 
those  marked  B  in  Britain.  Of  those  marked  M  the  British  Museum 
has  examples. 

The  two  species  placed  in  brackets  are  repetitions,  put  where  they 
are  in  case  variations  in  the  shape  of  the  aperture  have  caused 
specimens  of  these  species  to  be  misplaced  in  the  first  instance,  when 
identified  according  to  the  table. 

The  character  of  the  presence  or  absence  of  closed  zooecia  is  put 
in  the  table,  although  its  value  as  a  specific  index  is  considered 
doubtful. 

(Itepielea  ligeriefuU 
(d'Orbigny).    F. 


A.  Apertures  trifoliate.    No  closed  zoceoia 

B.  Apertures  circular. 
a.  Apertures  about  \  the  diameter  of  the  zocecia. )  RepteUa  pyriformU 

...  /  (Michelin).    F. 


Loer 

No  closed  zocecia 

tures  about  § 

\o  closed  zocoda 

€.  Apertures  semicircular.    No  closed  zocecia  ... 


b.  Apertures  about  §  the  diameter  of  the  zocecia. )  {Reptoceritites  Rowei^ 

No  closed  zocoda        /  Gregory.    B,  M.) 

( Reptelea  aeUeon 
•••\  (d'Orbigny).    F. 


W.  2>.  Lang— The  Replant  JEleid  Polynoa.  63 

D.  Apertum  sabtriangolar  to  nearly  cirenlar. 

*a.  Apertures  lai^  (aboat  *33  mm.  diameter). 

a,  ZoceeiaiimiierBea.  Gloeed  zooDcia  nomerous  {  ^  -^^ 

^.  ZoiBoa  emergent.    No  closed  zocecia      ...  |     ^        Greirory.    B  K. 
Apertures  small  (about  *16-*25mm.  diameter). 

«.  Some  apertures  drawn  out  disljdly  to  a )  ^SemmuUeUa  a^^upunctaU 
point ;  nm  of  apert.  low,  hardly  thickened  }  v«»«»»»^*Jf  •«•  ««''»?jjw'^ 
distaUy.    Closed  zocecia  numerous       ... )  (iNovait;.    r,  M.; 

3.  All  apertures  blunt  distally,  surrounded  by  \  Semimultelea  imgularia^ 
a  fairly  high  rim  which    is    generally  (       d'Orbigny.     B,  F,  M. 
thickened     distally.        Closed    zocooia  (  MepteUa  pulcheUa, 
numerous /  d'Orbigny.    P,  M. 

£.  Apertures  triangular. 

.a.  Apertares  eouilatCTal  triangles,  with  the  distal )  jj^^^^^/^,^  mristata, 
angle  produced  to  a  pomt.     Closed  zooBcia  [  q^^^Z^^v 

numerous         )  o"*/*       >  «■•• 

b.  Apertures  isosceles  triangles,  with  small  distal )  Reptomultelea  tubirota, 

angle.     Closed  zoa>cia  numerous       j        d'Orbigny.    B,  F,  M. 

e.  Apertures  eouilateral  triangles,  with  the  angles,  \ 

especially  the  distal  angle  rounded.    Rim  uiick  f  ReptotnuUelea  Reuisi 
and  of  equal  thickness  throughout.    No  closed  I  (Pergens).    F. 

mi\^\JC\^MmJm      •••  •••  •••  ••«  •••  •••/ 

d.  Apertures  equilateral  triangles,  with  the  angles  \ 

rounded,  the  proximal  angles  more  than  the  r  RepteUa  oeeani 

distal.      Rim  thick  and  of  equal  thickness  (  (d'Orbigny).     F,  M. 

throughout.    No  closed  zocecia         / 

^1      J   *       •                                                  •'I  (>iovak).     r,  M. 

^        Closed  zooMJia  numerous         ;  ^  '        * 

In  the  above  table  the  following  species  mentioned  in  the  British 
Museum  Catalogue  have  been  omitted  :  — 

1.  Beptelea  (?)  parasitica  (von  Hagenow).  Tlie  specimens  referred 
by  Gregory  to  this  species  are  indeterminable  worn  fragments. 
Von  Hageuow's  ^  and  d'Orbigny's  -  figures  are  also  of  specimens  too 
worn  for  reference  to  any  species. 

2.  Semimidtelea  cupula,  d'Orbigny.  This,  if  an  Eleid,  is  not  a 
reptant  form. 

3.  Semimultelea  cenomana  (d'Orbigny).  Judging  from  d'Orbigny's 
figure,^  this  is  a  Cheilostome. 

The  synonymy  of  the  group  is  given  in  full  in  the  British 
Museum  Catalogue. 

II.    British  Specimens  of  the  *  genus'  Semimultelea, 

Semimultelea  irregularis,  d'Orbigny. 

A  specimen  (D  7274)  in  the  British  Museum  collection,  with  no 
information  attached,  exhibits  the  zooecial  characters  of  Semimultelea 
irregularis,  d'Orbigny.  The  zoarium  is  a  multilamellar  incrustation 
whose  upper  surface  is  locally  raised  into  knobs.     These  suggest 

*  Von  Hagenow,  1846 :  Geinitz,  *'  Grundriss  der  Yersteinerunga  kunde,"  pi.  xxiii  b, 

•  D'Orbignv,  1853-1854 :    Paleontologie   Fran^aise,   Terraiiifl  Crctaces,   vol.  v, 
pL  787,  figs.  1*7-20. 

»  D'Orbignv:  loc.  cit.,  pi.  788,  fig.  3. 
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the  beginnings  of  oylindrical  branoheB  whiob,  if  present,  would  link 
this  form  with  the  '  genus '  Nodelea. 

The  pieces  of  matrix  adhering  to  the  fossil  are  a  greensand 
resembling  that  of  Warminster,  and  the  state  of  preservation  of  the 
fossil  resembles  that  of  specimens  of  polyzoa  from  that  place.  The 
probability,  then,  of  the  specimen  being  of  Oenomanian  age  from 
the  Upper  Greensand  of  Warminster  is  sufficient  to  warrant  the 
record  of  its  occurrence. 

Semimultelea  Dtxoni,^  sp.  nov.     (Figs.  4,  12.) 

A  specimen  of  an  Eleid  (B.M.  D  7845),  found  by  Messrs.  C.  P. 
Chatwin  and  T.  H.  Withers,  and  presented  by  them  to  the  British 
Museum  in  October,  1905,  exhibits  the  zoarial  characters  of  the 
*  genus '  S&nimultelea,  It  is  an  incrustation  of  two  or  three  super- 
imposed laminsd;  there  are  no  aviculcuia.     It  differs  from  all  the 


Fio.  12. — Part  of  the  zoarium  of  the  type-specimen  of  SemimuUeUa  Dix<mi,  sp.  nov, 
(See  explanation  of  figure  at  the  end  of  the  text,  p.  68.) 

other  species  of  Semimultelea  in  the  great  size  of  its  apertures, 
which  are  about  *33mm.  in  diameter.  The  apertures  are  sub- 
triangular  to  nearly  circular,  resembling  in  this  respect  those  of 
S.  irregtdaris,  d'Orbigny.  The  aperture  is  surrounded  by  a  low, 
rather  thin  rim,  which  is  not  ^as  in  the  species  just  mentioned) 
thickened  distally.  Numerous  closed  zooecia  occur.  The  apertures 
are  very  irregularly  distributed,  being  generally  frequent,  but  rarer 
in  some  places.     In  some  parts  of  the  zoarium  the  zoosoia  are 

*  After  Frederic  Dixon,  author  of  **  The  Geolopr  of  Sussex."  Dixon's  collection, 
acQuired  by  the  British  Museum  in  1850,  contains  many  type-specimens  of  Chalk 
Polyzoa. 
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separated  by  thin,  low  ridges.     They  are  immersed  in  the  zoariura. 

Occasionally  parts  of  the  zoarium  ooour,  free  from  apertures,  but 

divided  into  irregular  polygonal  areas  by  thin,  low  ridges  (see  Fig.  12), 

That  species  of  reptant  Eleid  which  this  form  most  resembles  is 

Beptoceritites  Sowei,  Gregory,  from  the  Lower  Senonian  of  Chatham. 

The  three  obvious  points  of  difference  are :   (1)  B.  Bowei  has  an 

unilaminar  zoarium ;    (2)  it  has  avicularia ;    (3)  it  has  no  closed 

zooecia.      The  systematic  value  of  these  points  will  be  discussed 

later.     On  the  strength  of  the  first  two  it  is  placed  in  the  genus 

Eepioeertiites.     The  chief  zooecial  difference  between  the  two  species 

lies  in  the  fact  that  the  zooecia  of  Semimultelea  Dixoni  are  immersed, 

while    those    of    Beptoceritite$    Bowei    are   very   emergent.      The 

specimen  was  obtained  from  the  Lower  Senonian,  zone  of  Micra$ier 

eor-lestudinartumf  from  the  chalk-pit  opposite  the  Rose  and  Crown 

Inn,  Kenley,  south  of  Croydon,  Surrey.     The  pit  is  No.  32  of 

Dibley  *  and  No.  118  of  Young.* 

III.  The  Validity  op  the  <  Genera.' 

The  table  given  on  pp.  62-3  shows  the  principles  on  which  the  Eleid 

genera  are  at  present  based.     Nor  are  those  principles  confined  to 

the  EleidaB ;  they  are  fundamental  in  all  the  families  of  Cyclostomata. 

If  the  systematic  arrangement  of  forms  is  to  be  finally  established 

on  an  evolutionary  basis,  and  the  term  '  genus '  to  be  used  to  include 

those  species  whose  nearest  common  ancestor  differed  from  that  of 

another  group  of  species,  the  *  genera  *  as  at  present  established  in 

the  Cj'clostomes  and  Eleids  are  obviously  artificial,  for  the}'  represent 

^Toups  of  species  of  various  genera  in  the  same  stage  of  phylogeny, 

and  are  such  as  would  be  the  case  if,  for  instance,  a  given  genus  of 

Ammonites  included  all  forms  with  a  keel.     Gregory  ^  has  realised 

how  artificial  are  the  *  genera '  in  the  Cyclostomes,  but  advocates  their 

retention  on  the  plea  that  they  are  **  convenient "  though  "artificial 

groups  of  species.'*    But  he  evidently  did  not  allow  that  the  phylogeny 

of  the  group  could  be  found  in  the  astogeny  *  of  the  colony,  for  he 

claims  that  the  Bradford  Clay  Bereniceas  were  the  direct  descendants 

of  the  Great  Oolite  Diastoporas.    If  once  the  astogenetic  principle  is 

granted  the  task  of  establishing  new  genera,  though  one  requiring 

much  material  collected  rigidly  according  to  exact  horizon,  is  not  as 

hopeless  as  he  describes ;  still  less  in  the  Eleids  where  more  zooecial 

characters  are  available  than  in  the  Cyclostomes. 

On  reference  to  the  table  on  pp.  62-3,  which  gives  the  specific 
distinctions  in  this  family,  it  will   he   noticed   that   in   regard   to 

J  G.  E.  Diblev,  *«  Zonal  Features  of  the  Chalk  Pita":  Geol.  Assoc.  Troc, 
vol.  xvi,  pt.  9  (1900),  pp.  490-491. 

*  G.  W.  Young,  "The  Chalk  Area  of  North-East  Surrey**:  Geol.  Assoc.  Proc. 
(1905;.,  p.  206. 

^  J.  W.  Gregory :  British  Museum  Catalogue  of  Jurassic  Polyzoa,  1896,  pp.  14-22. 

♦  Cuming3*  term  for  the  ontogeny  of  a  colony.  See  E.  R.  Cumings,  "Develop- 
ment of  Fenestella^^ '.  Amer.  Journ.  Sci.,  vol.  xx  (1905),  footnote  to  p.  169.  In 
a  colonial  organism  like  a  Polyzoan,  three  developments  have  to  be  considered : 
(1)  ontogeny,  the  development  of  the  individual;  (2)  astogeny,  the  development  of 
the  colony  ;  (3)  phylogeny,  the  development  of  the  race. 
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sBOODcial  oliaracters  the  two  speoieB  SemimmlUUa  irregutartB^  d'Orbigny, 
and  Beptelea  pulchella,  d'Orbigny,  appear  inseparable.  This  oon- 
olosion  has  been  reached  after  the  examination  of  specimens  in 
the  British  Museum  ooUection  referred  by  Gregory  to  these,  two 
gpecies.  Nor  can  they  be  distinguished  zooBcially  by  the  diagnoses 
given  in  the  British  Museum  Catalogue.  It  seems,  therefore,  that 
here  are  two  species  of  one  genus — the  more  primitive  possessing 
a  zoarium  which,  when  adult,  consists  of  an  encrusting  unilaminar 
sheet  of  zocecia;  the  other,  whose  adult  zoarium  is  in  a  more  advanced 
stage,  namely,  hi-  or  paucilaminar,  passing  through  an  immature 
unilaminar  stage  corresponding  with  that  of  the  adult  of  the  more 
primitive  species. 

Beptomvllelea  Bowei,  Gregory,  and  Semimtdielea  Dixoni,  Lang,  are 

another  pair  of  species  approximating  in  zooocial  characters,  and 

differing  chiefly  from  the  two  preceding  species  in  the  size  of  the 

apertures.     These  four  species  appear  to  be  more  nearly  related  to 

each  other  than   to   any  other  reptant  forms,  and   possibly   form 

a  single  genus.     Similarly,  the  species  or  groups  of  species  marked 

A,  B,  C,  and  E  possibly  indicate  so  many  different  genera.     But 

before  more  certain  conclusions  can  be  formed  the  erect  forms  will 

have  to  be  considered,  more  specimens  must  be  forthcoming,  and 

especially  must  the  various  stages  in  the  life-history  of  the  zoaria 

of  different   species  be  examined.      As  the  facts   stand   it  seems 

probable  that  zooecial  characters  rather  bear  generic   and  zoarial 

specific  significance.     Such  a  general  law,  however,  must  not  be 

applied   blindly,   but  always   with    regard    to    its    bearing    upon 

evolutionary  series;  and  the  test  for  a  common  genus  among  several 

species  exhibiting  similar  zooecial  characters  must  be  the  identity  of 

developmental  stages  in  zoarial  growth. 

IV.    TOPOMOBPHS.* 

In  the  discussion  above  on  generic  and  specific  determination,  two 
characters  have  been  disregarded  —  the  presence  or  absence  of 
avicularia  and  of  closed  zocecia. 

Scattered  irregularly  among  the  normal  zooecia  of  the  reptant 
'genera*  Beptoceritites  and  Reptomtdtelea  are  individuals  of  extra- 
ordinary shape,  generally  having  the  distal  portions  of  the  aperture 
drawn  out  to  form  a  long  tongue.  Such  individuals  have  been 
considered  the  horaologues  of  avicularia  in  Cheilostomes,  whose 
function  is  regarded  as  protective.  The  nature  of  the  Eleid 
avicularia  is  fully  discussed  in  the  British  Museum  Catalogue.*  What- 
ever  their  physiological  significance,  the  morphological  fact  remains 
that  their  distribution  is  irregular.  Never  very  frequent,  they  are 
often  so  rare  that  large  portions  of  the  zoarium  are  free  from  them. 
For  instance,  from  the  large  zoarium  of  the  figured  specimen  of 

I  6  rSnos,  *  the  place,*  and  ^  fiofxt^*'}^^  form.' 

»  J  W  Gre«^ory :  British  Museum  Catalopo  of  Cretaceous  Bryozoa,  vol.  i  (1899), 
nn  287-288  where  references  to  other  writings  are  eiven,  of  which  that  hy  A.  W . 
Wktere  ' *  ChUostomatous  Characters  in  MelicertitidsB '^  (Ann.  Mag.  Nat.  Hist.,  ser,  vi, 
vol.  viii,  1891,  pp.  48-53),  should  he  read  in  this  connection. 
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Septomultelea  tuberosa,  d'Orbigny  (B.M.  36,746),  pieoeB  of  some  sise 
oontaining  no  avioalaria  might  be  broken,  whion,  if  found  in  tbe 
first  instance,  would  have  been  placed  in  the  '  genus '  Semtmtdtelea, 
Unless,  therefore,  a  given  zoarium  is  known  to  be  complete,  which 
is  not  often  the  case,  there  is  no  means  of  knowing  whether, 
although  no  avioularia  are  seen,  they  did  not  occur  in  the  lost 
portions,  because  their  distribution  is  rare  and  irregular,  and  their 
presence  or  absence  has  not  been  discovered  to  be  correlated  with 
any  other  structure. 

The  distribution  of  closed  zocecia  is  not  generally  sporadic  like 
that  of  avicularia,  but  when  one  occurs  others  are  associated 
with  it,  often  in  the  same  numbers  as  the  normal  zoodcia,  generally 
more  frequently,  and  often  forming  an  area  composed  of  closed 
zocDcia  only.  Like  the  avioularia  their  physiological  significance 
is  a  matter  of  conjecture,'  nor  does  the  study  of  the  rest  of  the 
zocBcia  interpret  their  apparently  irregular  distribution. 

In  his  diagnosis  of  Semimultelea  irregularis,  d'Orbigny,  Gregory 
remarks  that  the  zooecia  are  *'  separated  by  ridges."  This  is  very 
clearly  shown  in  most  of  the  zoarium  of  the  specimen  B.M.  D  4867, 
but  not  so  clearly,  if  at  all,  in  other  parts,  and  not  at  all  in  specimens 
B.M.  D  4818  and  D  4843.  Again,  Gregory  cites  this  character  as 
sometimes  occurring  in  Bepielea  ptdehella,  d'Orbigny.  Forms 
possessing  it  he  calls  var.  plana.  The  character  again  occurs  in 
parts  of  the  zoarium  of  the  type-specimen  of  Semimultelea  Dixoni, 
Lang  (B.M.  D  7845).  It  may  be  said,  therefore,  that  ridges 
between  the  zocecia  occur  as  a  character  in  various  forms  of  reptant 
Elei'^s,  in  scattered  parts  of  the  zoarium  ;  and  that  the  distribution 
of  these  areas  is  determined  by  unknown  conditions. 

Parts  of  the  zoarium  containing  abnormal  zooocia  may  be  found 
outside  the  Eleids.  The  linear  arrangement  of  apertures  is  specifically 
distinctive  of  Proboschta  radiolitorum  (d'Orbigny).  But  parts  of  the 
zoarium  are  liable  to  occur  in  which  the  arrangement  of  apertures 
is  irregular.  A  case  of  this  (specimen  D  975)  is  figured  in  the 
British  Museum  Catalogue.* 

In  the  Cretaceous  forms  of  the  genus  Memhranipora,  a  Cheilostome, 
the  shape  of  the  aperture  is  seen  to  vary  in  the  same  species.  In 
some  instances  this  variation  is  clearly  connected  with  Astogeny ; 
the  different  shapes  are  growth  stages.  For  example,  a  very 
general  sequence  is  as  follows : — The  first  formed  zooecia  have 
circular  apertures,  and  approaching  the  distal  parts  of  the  zoarium 
the  shape  of  the  aperture  changes  to  oval,  to  ovate  to  very  long 
oval,  nearly  elliptical  * ;  and  katagenetio  stages  are  shown.  But 
besides  this  zooecia  are  often  found  whose  apertures  are  of  a  shape 
differing  from  those  in  their  immediate  neighbourhood. 

Instances  might  be  multiplied,  but  enough  have  been  cited  to 

'  J.  W.  Gregory:  British  Museum  Catalogue  of  Cretaccoas  Bryozoa,  vol.  i  (1899), 
p.  2'JO. 

-  British  Museum  Catalogue  of  Cretaceous  Polyzoa,  vol.  i  (1899),  p.  50,  text-fig.  1. 

-  These  terms  are  used  with  their  botanical  siguificance,  aa  defined,  for  instance,  by 
Asa  Gray,  "  Structural  Botany,"  1879,  p.  95. 
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show  that  this  phenomenon  of  isolated  patches  of  abnormal  zooecia 
occurs  commonly  among  Polyzoa.  And  for  these  local  forms 
I  propose  the  name  Topomorphf  a  parely  morphological  term, 
describing  any  part  of  the  zoariam  in  which  the  zooecia  differ 
from  those  of  the  rest  of  the  zoariam.  Thas  it  includes,  for 
instance,  growth  stages,  "localised  stages,"'  peculiar  forms  due 
to  external  conditions  such  as  overcrowding  or  a  different  food 
supply,  to  possible  intermittent  or  seasonal  causes  such  as  repro- 
ductive activity.  The  characteristic  of  the  term  is  its  freedom 
from  physiological  implication,  and  herein  lies  its  value,  for  it 
can  be  used  in  morphological  descriptions  before  the  origin  or  use 
of  the  described  parts  is  known.  Whereas  the  terms  variety  (as 
in  the  case  of  var.  plana  above),  stage,  etc.,  imply  systematic  or 
developmental  relations  which  on  further  investigation  may  or 
may  not  be  found  to  hold ;  and  the  term  '  form '  (as,  for  instance, 
Sparsicavea  cararUina,  d'Orbigny,  form  franquana)  is  far  too  useful 
and  too  widely  used  as  a  general  term  applicable  to  zooecium, 
zoarium,  or  parts  of  a  zoarium,  and  to  members  of  other  groups 
of  organisms,  to  be  limited  by  a  technical  and  special  significance. 
To  describe  a  part  of  a  zoarium  of  a  species  of  Membranipora  in 
which  the  apertures  were  ovate  as  a  topomorph  of  species  x,  and 
to  describe  it  again  as  a  growth  stage  of  the  species,  because  it  has 
been  discovered  that  a  stage  with  circular  apertures  always  precedes 
and  one  with  elliptical  apertures  always  succeeds  it,  implies  no 
incongruity  nor  contradiction,  because  the  first  is  a  morphological 
term  describing  structure,  and  the  second  a  physiological  term 
describing  the  behaviour  of  the  species. 

It  is  hoped  that  this  paper,  though  adding  little  to  what  is 
already  known  about  the  Eleids,  may  be  of  some  use  to  the 
collector  in  helping  him  determine  the  species  by  presenting  them 
in  a  tabular  arrangement,  that  the  occurrence  of  forms  new  to 
England  may  stimulate  further  collecting,  and  that  the  suggestions 
concerning  generic  distinctions  may  place  in  a  more  hopeful  light 
the  ultimate  discovery  of  the  evolution  within  the  group  and  of  the 
true  relations  of  its  members  among  themselves. 

EXPLANATION  OF  FIGUEES  IN  TEXT. 

Figs.  l-Il. — Diagrammatic  representations  of  apertures  of  Eleids. 
All  the  figures  are  very  much  enlarged,  but  their  sizes  are  not  comparatiye. 

Fig.   1.     A])kiTiuTe  of  Hepteka  ligericmis  {d^Orhisjiy).     After  d'Orbigny. 
,,     2.     Aperture  of  J2<y^^fea/>yn/ormM  (Micheun).     After  Michelin. 
„     3.     A^rture  oi  Bepteka  actaon  {d^Oihigny),    After  d'Orbigny. 
,,     4.    Aperture  of  Seniimultelea  Dixoni,  n.sp.     From  the  type-specimen  (B.M. 

D7845). 
,,     6.    Anerture  oi  Eeptoeerititea  Itoicei,  Gregory,    From  the  type-specimen  (B.M. 

D4244). 
,,     6.    Aperture  of  SeinimulUiea  irregularis^  d'Orbigny.      From  the  specimen 

B.M.  D  4867. 

'  I.e.  local  recapitulations.  See  E.  T.  Jackson,  ''Localised  Stages  in  Deyelop- 
ment"  :  Mem.  Boston  Soc.  Nat.  Hist.,  vol.  v,  No.  4  (1899),  pp.  92, 139,  141.  See 
also  W.  D.  Lang,  *'  Stomatopora  antiqua,  Haime  ":  Geol.  Mao.,  1906,  pp.  259,260. 
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fVa.  7.    Aperture  of  SemimnUeUa  aeupuneiata  (Noyak).    After  Novak. 
M     S.    Ditto. 
;,     9.    Aperture  of  RepUtmuUilea  sari$8ata,  Greeory.    From  the  type-specimen 

(B.M.  D7106). 
»,   10.    Apertare  ol  BeptomuiteleaEeuui  (Pergens),   After  Pergens.    Other  zooeda 

m  Pergens'  figure  have  a  much  more  rounded  distal  angle. 
M   11*    Aperture  of  MeptomulteUa  tuberosOy  d'Orhigny.      From   the  specimen 

B.M.  36,746. 
„   12.     Part  of  the  zoarium  of  the  type-specimen  of  Setnimultelea  Dixonij  n.sp. 

(B.M.  D  784t5),  showing  normal  zoocia  [n.z.)  ;    closed  zooDcia  {e,z,) ; 

a  topomorph  with  ridges  between  the  zocDcia  (t.r,) ;   and  a  tonomoiph 

composed  of  areas  marked  out  on  the  zoarium  by  raised  ridges,  out  with 

no  closed  or  open  apertures  (^}.     x  about  24.    Somewhat  diagrammatic. 
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By  F.  J.  Bennbtt,  F.G.S. 

4  TTENTION  has  lately  been  called  by  M.  Maroellin  Boule  to 
il.  the  produotion  in  cement- mills  in  the  Commune  of  Guerville, 
near  Mantes,  of  all  the  more  oharacteristio  forms  of  Eoliths,  and 
of  these  he  has  given  photographic  reproductions.  The  evidence 
for  the  necessarily  artificial  shaping  of  Eoliths  had  for  many  years 
been  questioned  by  him,  because  he  had  found  chipped  flints  of  this 
character  in  the  midst  of  Oligooene  or  Miocene  beds  in  Auvergne 
and  in  the  Velay ;  and  it  seemed  imprudent  to  infer  the  existence 
of  man  in  those  early  stages  of  the  Tertiary  period  in  the  absence  of 
osteological  evidence. 

In  speaking  here  of  machine-made  implements  I  do  so  advisedly, 
because  all  stone  implements  were  once  referred  to  natural  or 
6n|)ernatural  causes ;  the  obvious  arrow-bead,  for  instance,  being 
ttrmed  an  .*  elf-bolt.' 

M.  Boule,  however,  seeks  only  to  show  that  stones  shaped  like 
Ealiths  may  be  produced  by  Nature,  because  he  finds  that  they  are 
produced  by  certain  pseudo-natural,  machine-made  torrents,  and  so 
considers  that  Eoliths  are  due  to  such  torrential  action.  Yet  the 
pjolithic  deposits  known  to  the  writer  do  not  seem  to  indicate 
torrential  action. 

The  first  objection  is  that  M.  Boule  compares  known  and 
unnatural  agencies  with  natural  ones,  and  the  analogue  of  his 
machine-made  torrent  would  be  hard  to  find  in  Nature  and  would  be 
most  exceptional  there,  and  yet  to  this  he  would  refer  all  Eoliths.* 
The  Mantes  wash-mill  apparently  deals  only  with  flints  fresh  from 
the  chalk,  while  the  flints  from  which  the  Kent  plateau  Eoliths 
were  made  were  mostly  tough  and  much  weathered,  and  not  as  a  rule 
such  flints  from  which  good  chipping  can  be  obtained  ;  and  that 
may  account  a  good  deal  for  their  rough  execution,  and  for  their 
non-acceptance  by  some  observers. 

Anyone  who  is  a  flint-knapper  knows  that  the  results  obtained 
from  the  one  kind  of  flint  are  very  dififerent  from  those  obtained 
from  the  other,  that  the  fracture  varies  with  the  flint,  and  that  in 

»  Nature,  Aug.  31,  1905,  p.  438:  Sept.  28,  p.  538;  aud  Oct.  26,  p.  63.3;  see 
also  V Anthropologic y  vol.  xvi,  p.  257,  in  which  the  detailed  ohseivations  of 
M.  Boule  are  published. 
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some  flints  the  human  fracture  is  not  distinguishable  from  the 
natural  fracture. 

The  mill  also  rotates  at  a  definite  speed  for  a  definite  time,  and 
so  cannot  compare  with  Nature.  In  order  to  get  any  results  of 
value,  the  flints  should  be  examined  first,  and  samples  taken  out 
from  time  to  time  and  compared,  and  yet  the  flints  in  question  are 
only  taken  out  after  about  29  hours'  interval. 

There  is  another  complication,  which  also  seems  to  introduce 
a  human  element,  if  we  may  say  so,  in  the  case  of  the  harrows 
with  chain  attachments,  and  these  harrows  in  one  of  the  mills  visited 
by  the  writer  were  also  weighted  with  old  gear  wheels,  etc.  So  that, 
added  to  the  impact  of  flint  against  flint,  there  is  also  a  possible 
knapping  action  due  to  the  teeth  of  the  harrows  and  to  the  links 
of  the  chains,  and  these,  in  shape  and  possibly  in  efiect,  would 
compare  with  the  pebbles  used  in  knapping ;  the  teeth,  too,  of  the 
old  gear  wheels  may  also  be  chipping  agents.  Hence  it  becomes 
more  difficult  to  say  by  which  of  these  agencies,  or  by  their 
combination,  the  fractures  are  produced.  Thus  any  quasi-human 
results  may  be  due  to  these  quasi-human  agencies  introduced. 

It  is  also  possible,  if  the  area  contains  worked  flints,  that 
these  may  be  introduced.  And  in  the  cases  we  have  investigated 
such  flints  do  occur  in  the  area.  The  analogy  also  with  Nature 
would  be  closer  if  the  harrows,  etc.,  could  be  removed  and  the 
flints  subjected  only  to  the  torrential  action  of  the  water. 

So  much  for  some  of  the  objections.  I  will  now  give  some 
account  of  the  observations  I  have  just  made  at  certain  wash-mills 
in  Kent.  These  mills  are  confined  to  brickyards.  The  results  are 
found  to  vary  with  the  kind  of  flint,  with  that  of  the  matrix,  and 
with  the  proportion  of  this  to  the  flints  and  to  their  size.  I  will  take 
the  mills  as  I  observed  them,  but  the  washing  process  was  not  then 
in  operation  in  any  one  of  them. 

The  first  was  that  at  Pascall's  Kiln,  at  Piatt,  near  Wrotharo, 
Kent.  There,  resting  irregularly  on  the  Gault,  is  an  angular  white 
flint  gravel  much  weathered,  together  with  some  much  worn  flints. 
At  another  part  of  the  brickyard  is  a  sandy  loam  with  some  blocks  of 
sandstone  and  a  few  small  scattered  flints,  and  this  seemed  to  be 
washed  together  with  the  Gault,  as  the  wash-heap  also  contained 
sand  and  rounded  lumps  of  sandstone. 

The  small  angular  flints  were  not  aflected  at  all  by  the  milling 
action,  and  the  other  flints  only  slightly  so.  Samples  of  all  those 
that  were  at  all  like  implements  were  taken,  and  most  of  those  were 
Eolithic  in  form  merely,  and  photographs  of  these  would  pass  as 
good  Eoliths,  but  some  of  rude  paleeolithic  form  were  also  found. 
The  flint  being  of  a  coarse  and  cherty  nature,  the  '  work '  was  rough 
in  accordance  with  this  material. 

On  two  of  the  specimens  the  writer,  who  can  knap  so  that  he  can 
deceive  an  expert,  and  can  treat  the  chipped  flint  so  as  to  remove 
the  new  look,  tried  his  hand,  and  chipped  and  bruised  and  *  treated ' 
(the  work  of  a  few  minutes  only)  one  side  of  each  specimen,  so 
sDccessfully  that  there  was  no  real  diflerence  between  his  side  and 
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the  milled  side.  So  that  one  side  was  possibly  mill- made  and  the 
other  certainly  hand-made.  This  would  seem  to  leave  the  case  of 
the  mill,  in  this  instance,  as  non-proven,  or  rather  in  favour  of  man. 
The  other  place  visited  was  Temple  Farm  Brickyard,  near  Strood, 
Bochester.  Here  there  are  two  wash- mills,  a  lower  and  an  upper 
one,  each  with  its  refuse  heap.  Here  the  conditions  in  the  one 
differed  from  those  in  the  other,  and  so  did  the  '  work '  on  the  flints. 
At  the  lower  brickyard  is  a  long  extended  section  of  briokearth 
across  the  wide  trumpet-mouthed  opening  of  the  valley.  This 
shows  20  feet  of  clean  sandy  loam,  laminated  in  places,  and  with 
occasional  small  seams  of  pellety  chalk  and  very  small  angular 
flints  and  small  pebbles.  This  loam  is  thinly  capped  by  stony  loam 
with  some  scattered  flints,  some  angular  and  others  more  or  less  worn. 
The  lower  refuse  heap  was  composed  mostly  of  a  mixture  of  fine 
flinty  gravel  with  many  small  pebbles,  and  much  pellety  chalk  and 
many  lumps  of  '  ginger,'  and  very  few  large  flints.  Some  of  these, 
which  were  like  those  fresh  from  the  chalk,  were  very  little  rolled 
or  chipped,  and  the  reason  was  plain,  as  they  were  contained  in 
a  matrix  that  kept  them  from  contact  with  each  other,  and  so  their 
original  condition  was  little  affected. 

The  upper  mill  is  higher  up  the  valley ;  there  the  brickearth  was 
dog  in  two  places,  one  in  a  terrace  on  the  valley  side  and  the  other 
in  the  bottom  of  the  valley.  That  in  the  terrace  showed  six  feet  of 
stony  loam  resting  on  a  marly,  pellety  chalk,  with  many  large  and 
mostly  angular  flints,  little  worn  and  like  those  fresh  from  the  chalk; 
the  other  flints  were  ranch  worn  and  weathered,  with  a  few  pebbles. 
The  second  section  hadfewer  flints  and  was  mostly  in  the  pellety  chalk. 
Thus  this  brickearth  seems  due  to  the  decalcification  of  the  chalky 
waste  formed  during  the  denudation  of  the  stififer  and  more  stony  loam 
iu  the  upper,  and  the  finer  washed  loam  in  the  lower  part  of  that 
valley.  One  great  refuse  heap  at  the  upper  mill  was  mostly 
composed  of  large  flints,  some  of  Eolithio  form,  but  evidently  shaped, 
as  the  old  patina  showed,  before  they  entered  the  mill,  while  one  or 
two  were  of  paleeolithic  form  and  one  neolithic.  Here  the  chipping, 
rolling,  and  bruising  due  to  the  mill  apparently,  though  slight,  was 
much  more  noticeable  than  at  the  lower  mill,  as  here  there  were 
so  many  more  and  larger  flints  to  act  on  each  other  and  to  be  acted 
on  by  the  harrows,  etc.  A  very  good  imitation  of  beach  action  was 
seen  in  the  many  rounded  lumps  of  chalk,  etc.,  from  the  loam  in 
the  large  refu.se  heap. 

All  that  the  mill  then  seemed  to  have  done  was  to  round  and 
bruise  and  re-chip  in  an  irregular  manner  the  sharper  original  edges, 
as  off'ering  the  least  resistance.  Where  old  indentations  occurred,  it 
would  seem  that  the  teeth  of  the  harrows  had  found  these  out,  as 
they  were  re-touched  in  some  oases  and  the  old  patina  removed 
in  places.  Thus  it  would  appear  that  the  mill,  like  the  sea,  in  the 
writers  opinion,  rounds  rather  than  shapes,  and  so  deforms  any 
flints  that  had  been  previously  chipped  into  a  definite  shape. 

Though  he  has  not  visited  any  chalk  wash-mills,  the  writer  has 
seen  some  flints   from   one  near  Sevenoaks,  and  these  were  thin 
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pieces  of  flint  irregularly  obipped  at  the  edges,  but  not  apparently 
<  formed '  in  any  definite  way. 

In  chalk  wash-mills,  as  in  the  examples  mentioned,  much  must 
depend  on  the  proportion  of  the  flints  to  the  mass  of  the  chalk  and 
on  their  size,  as  the  more  numerous  and  the  larger  the  flints,  the 
more  will  they  be  aflected,  and  vice  versd.  Thus  the  power  of  the 
mill,  as  able  to  shape  Eolithic  flints,  must,  in  the  cases  observed 
by  me,  be  considered  as  non-proven. 

The  difficulty  of  the  whole  question  consists  in  this,  that  we  are 
trying  to  decide  where  no  final  decision  seems  possible.  For  those 
who  hold  that  certain  flints  are  due  to  natural  causes  have  never 
seen,  or  can  see,  Nature  doing  what  they  would  refer  to  Nature,  and 
those  who  uphold  the  human  origin  of  the  flints  could  never,  of 
course,  have  seen  them  actually  made  by  man.  But  we  have  actual 
proof  that  man  has  and  does  fashion  certain  stone  tools,  and  therefore 
have  good  reason  for  asserting  that  man  did  make  some  of  these 
early  tools,  and  we  also  know  that  man  improves  on  his  early 
work,  so  that  the  best  forms  of  these  cannot  be  man's  earliest 
e£forts.  The  difficulty  always  will  lie  in  fixing  the  starting- 
point  of  his  'prentice  hand. 

The  stages  in  the  progression  from  the  ruder  to  the  more  perfect 
forms  were  probably  these.  As  soon  as  man  found  that  some 
adjunct  to  the  hand  was  needed  in  his  conflict  with  Nature  and  the 
beasts,  sticks,  bones,  shells,  and  stones  were  used.  Of  these,  only 
stones,  for  the  most  part,  have  remained. 

The  stones,  in  the  first  instance,  would  be  those  best  adapted  to 
his  needs,  and  were  so  selected.  Next  it  might  occur  to  him  that 
he  might  imitate  those  natural  forms  :  hence  the  difficulty  to 
distinguish  between  the  apparently  natural  forms  and  the  possible 
artificial  ones,  both  having  only  one  sharp  or  sharpened  edge. 
Then  he  would  gradually  learn  so  to  adjust  the  angle  of  incidence 
as  to  extend  the  chipping  all  over  the  flint,  and  at  last  to  select  the 
kind  of  flint  that  gave  the  best  results.  The  process  must  have  been 
a  gradual  one,  with  intermediate  stages,  with  reversions  perhaps  to 
older  and  ruder  forms,  and  the  difficulty  will  always  lie  in  fixing 
the  starting-point  of  the  undoubted  artificial  stage,  and  I  do  not 
think  that  the  wash-mill  evidence  will  help  to  do  this.  But  it  may 
cause  those  who  have  been  too  ready  to  accept  worked  flints  to  be 
more  careful  in  the  future. 


VL — Further  Notes  on  the  Stratigraphy  and  Fauna  of  the 

Trimmingham  Chalk. 

By  R.    M.    Brydonb,    F.G.S. 

(PLATES  IV  AND  V.) 
{Continued  from  the  January  Number,  p.  22.) 

DOWNWASHED  sand  and  mud  much  obscured  the  section,  but 
the  clay  appeared  to  be  definitely  continuous,  while  the  chalk 
might  be  continuous  under  the  mask  of  mud,  but  did  not  seem  likely 
to  be  so.     The  section  suggested  very  strongly  a  flat  sheet  of  clay 
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))a8hed  at  a  level  some  way  below  the  beach  against  a  backward 
i^loping  and  then  overarching  surface  (e.g.  the  side  of  a  cave),  which 
it  bad  followed  until  doubled  back  upon  itself. 

The  masses  of  chalk  in  the  bay,  where  accessible,  all  showed 
Qitrea  lumcUa  chalk,  except  the  stringer  from  the  bluff.  This  was 
accessible  from  above,  and  was  then  composetl  solely  of  the  grey 
chalk. 

It  was  quite  clear  that  the  landward  face  of  the  bluff  was  not 
parallel  to  the  coastline,  but  ran  about  east  and  west,  the  bluff  being 
therefore  a  rude  triangle  with  its  apex  towards  the  north.  The 
landward  face  was  covered  by  what  appeared  to  be  crushed  blisters 
of  finely  laminated  clay  apparently  formed  round  projections  in  the 
surface  of  the  chalk. 

In  the  Autumn  of  1904  I  got  desperate  at  my  inability  to 
satisfactorily  sketch  the  constant  changes  which  were  taking  place, 
and  borrowed  a  camera,  and  since  that  time  I  have  a  fairly  continuous 
series  of  photographs,  some  of  which  are  reproduced  as  Figs.  6  to  18 
in  the  plates  illustrating  this  article.  Unfortunately  I  had  had  no 
previous  experience  of  photography,  and  I  have  always  chanced 
upon  dull  and  cloudy  weather,  so  that  I  may  be  forgiven  for  the 
imperfection  of  the  photographs.  As  it  is,  they  show  f^r  more  than 
I  ever  dared  to  hope  for.  They  are  all,  I  think,  self-explanatory 
except  Fig.  9,  which  was  taken  from  the  summit  of  the  bluff,  and  in 
which  the  boundaries  between  the  grey  chalk  above  and  below  and 
the  0.  lunata  chalk  between  is  traceable  in  the  'slope'  (the  nearer 
|»iece  of  chalk)  by  a  slight  variation  in  shade. 

During  the  period  covered  by  these  phototrraphs  erosion  has  been 
very  rapid  at  this  point  (the  clay  seen  on  the  left  hand  of  the  bluff 
iu  Fig.  13  was  faced  with  chalk  of  fair  thickness  six  months 
previously)  (Fig.  8),  and  several  further  points  of  interest  have  been 
'lisclosed.  The  most  important  is  perhaps  that  shown  iu  Figs.  10, 
11,  and  15.  The  cutting  back  of  the  main  cliff  has  provided  a  section 
across  what  appears  to  be  an  erratic  mass  of  rudely  stratified  flint 
8hingle,  varying  from  very  coarse  to  fairly  fine,  with  a  bed  of  sand 
in  the  middle  and  a  long  thin  slice  of  chalk  at  its  left  hand,  the 
^tratification  being  vertical.  The  slice  of  chalk,  though  nowhere  more 
than  two  feet  thick,  contains  both  0.  lunata  chalk  and  grey  chalk 
with  an  occasional  grit  seam  at  the  basf3  throughout  the  whole 
length  I  have  been  able  to  examine,  the  0.  lunata  chalk  being  next 
the  clay  which  forms  as  it  were  the  hacking  of  the  mass.  The 
lower  end  of  the  chalk  slice  was  recently  exposed,  and  the  clay  was 
?een  to  run  down  beside  it  and  then  turn  at  right  angles  in  under  it 
(Fig.  15),  with  the  banding  parallel  to  the  surface  of  the  chalk, 
which  seems  inseparable  from  the  junction  of  clay  and  chalk  here. 
The  whole  thing  very  strongly  suggests  a  piece  of  shingly  beach  set 
on  end,  the  chalk  representing  the  basement  bed  on  which  the 
shingle  was  heaped  up.  The  rude  stratification  of  the  shingle  is 
what  might  be  expected  from  the  sifting  together  of  the  pebbles  of 
similar  size  which  takes  place  in  every  beach,  the  coarsest  part  being 
that  next  the  chalk.     This  huge  mass  of  shingle,  which  can  hardly 
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have  been  transported  from  any  distance,  as  it  would  not  have  held 
together,  forms  an  interesting  parallel  to  the  masses  of  ooarse  shingle 
which  lie  on  the  top  of  the  northern  part  of  the  south  bluff  as 
recorded  in  my  previous  pamphlet  (see  also  Fig.  1  hereto). 

Another  point  of  interest  is  the  behaviour  of  the  grey  bed  in  the 
seaward  face  of  the  bluff.  As  this  was  cut  back  the  grey  bed 
developed  a  deep  pocket,  shown  just  beginning  in  Fig.  7  and 
complete  in  Figs.  13  and  17,  at  the  bottom  of  which  the  gritty  basal 
seam  thickened  considerably  and  became  exceptionally  coarse. 
(It  will  be  noticed  in  these  figures  that  the  two  upper  flint  beds 
shown  in  fig.  1  of  my  previous  pamphlet  have  become  comparatively 
indistinct,  while  the  third  has  become  very  marked.  At  the  moment 
of  writing  the  second  is  regaining  its  importance.)  On  the  left-hand 
side  of  this  pocket  the  base  of  the  grey  chalk  rises  very  sharply,  so 
that  the  chalk  which  strings  out  into  the  clay,  thin  as  it  is,  becomes, 
as  on  the  other  side  of  the  bluff,  composed  of  a  layer  of  O.  lunata 
chalk  below  and  a  layer  of  grey  chalk  above.  There  is  clearly  at 
this  point  a  very  strongly  marked  unconformity  between  the  two 
beds  of  chalk. 

Another  point  is  that  O.  lunata  chalk  has  obme  in  between  the 
grey  chalk  and  the  clay  in  the  cross  section  at  the  end  of  the  north 
side  of  the  grey  chalk  bay  and  at  several  other  points  in  this  mass 
where  the  grey  chalk  and  clay  were  previously  in  contact,  so  that  it 
seems  fair  to  assume  that  the  distance  by  which  the  grey  chalk 
overlaps  the  0.  hmata  chalk  is  slight  everywhere.  Whenever  the 
grey  chalk  has  been  removed  from  off  the  0.  lunata  chalk  beneath 
it  the  latter  has  always  presented  a  decidedly  wave-worn  and 
smoothed  appearance. 

ThiH  grey  chalk,  as  before  stated,  presents  some  remarkable 
peculiarities  besides  its  basement  bed  of  grit  with  flint  and  chalk 
pebbles.  It  is  very  soft,  but  contains  a  great  abundance  of  hardish 
lumps  of  varying  shades  of  grey  which  are  not  clearly  rolled,  but 
have  very  smooth  and  suspicious  outlines.  These  lumps  are  very 
similar  in  texture,  and,  so  far  as  I  know,  identical  in  fossil  contents 
with  their  grey  matrix.  The  flints  present  two  facies.  One,  which 
is  generally  small,  is  dark  grey  throughout  and  very  soft,  being 
often  little  more  than  a  central  mass  of  spongy  texture,  but  no 
definite  shape,  surrounded  by  a  very  thin  skin,  very  imperfectly 
silicified  and  easily  cut  with  a  knife  on  slight  pressure.  The  other 
type  appears  to  be  confined  to  the  base  of  this  chalk,  and  includes 
nearly  all  the  large  flints.  It  is  very  thoroughly  silicified  and 
black  inside  with  little  or  no  cortex,  and  light  bluish  grey  outside. 
These,  like  the  included  lumps,  suggest  gentle  rolling,  but  oontain 
only  the  same  fossils  as  those  of  the  grey  matrix,  including  the 
peculiarly  characteristic  ones,  and  certainly  no  specimen  of  0.  lunata, 
which  occurs  in  profusion  in  the  flints  of  its  own  horizons.  The 
bed  as  a  whole  is  certainly  not  reconstructed,  for  the  grey  matrix 
abounds  in  fragile  fossils  in  absolute  perfection,  the  most  striking 
being  Ostrea  inaquicoatata,  bivalved  Ostrea  ungulataf  and  numerous 
branches  of  Vincularia  and  other  Polyzoa.      The  fossils  show  th» 
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unconformity    betmreen    the    grey   ohalk  and    0.   lunaia   chalk    a» 

clearly  as  the    stratigraphy.       Ostrea   lunata   and   the   bun-shaped 

Eekinoc<mus  are  unknown  in  the  grey  chalk,  which  is  full  of  Ostrea 

tMquicoBtata,   O.  canaliculataf  and  Terebratula  obesa,  none  of  which 

bve  ever  yet   been  found  in  the  0.  lunata  chalk.     There  are  very 

Bimilar  grey  beds  on  the  foreshore  underlying  white  chalk  without 

0.  lunaia,  which  passes  up  into  0.  lunata  chalk,  but  below  they  are 

cot  off  by  a  fault,  and  until  we  know  either  what  overlies  the  grey 

chalk  of  the    bluff  or  underlies  the  grey  chalk   of  the   foreshore 

it  is  not  safe  to  identify  the  two  sets  of  grey  beds,  though  it  is  very 

tempting,  the  similarity  being  very  striking,  especially  in  the  fossils. 

At  the  he^nning  of  October,  1905,  the  clay  behind  the  bluff 

was  broken    through  by  the   waves,   and  by    the   middle   of  the 

month  the  bluff  had  been  completely  isolated  and  a  secondary  bhiff 

formed  behind  it  out  of  the  seaward   face  of  the    0.  lunata  chalk 

underlying    the    '  slope '   of  grey  chalk,    which   had   by  this   time 

become  mainly  a  slope  of  0.  lunata  chalk  showing  several  lines  of 

flint  dipping  gently  seaward.     The  cross  section  of  this  secondary 

bloff  showed   gently  arched  lines  of  flint,  from  which  it  was  clear 

tbat  this   secondary  bluff  was  the  top  of  a  gentle  anticlinal  fold 

rising  towards  the  land,  exactly  like  the  ridge  forming  the  southern 

part  of  the   south  bluff.     It  was,  however,  underlain  where  its  base 

was  clear  of  sand  by  clay  visibly  continuous  in  the  south  bay  with 

the  clay  underlying  the  chalk  masses.     The  same  waves  that  had 

breached  the  clay  pii)nacle  had  also  cleaned  tl»o  section  in  the  south 

bay,  which    is   recorded   by  Fig.    17.     The  clay    appeared    to    havo 

pressed     upwards     from     under    the     mass    of    chalk     nearer    the 

blufif   and    carried    up    wilh    it    on    its    surface    the    mass   high   up. 

in  the    cliff,    for   the    two    were    connected    by    a    very    thin     but 

unbroken  line  of  chalk  which  kept  the  clay   above   the  masses  of 

chalk  from  quite  touching  the  clay   which   emerged  from   beneath 

them.      A  similar  but  more  partial  appearance  was  presented  in  the 

north  bay  by  the  clay  which  emerged  from  under  the  *  slope  '  and 

passed  up  into  the  cliflF,  only  to  arch  over  and,  as  before  stated,  pass 

down    beside  and    in    under  the   erratic  slice  of  chalk.     Both   the 

masses  in  the  south  bay,  i.e.  the   lateral  section  of  the  *  secondary 

bluff'   and   the  mass  seen  high  up  in  the  clifif,   were  composed  of 

0.  lunata  chalk  with  about  a  foot  of  grey  chalk  above  separated  by 

the  regulation  grit  seam  with  pebbles,  and  above  the  grey  chalk 

came  about  six  inches  of  very  regularly  bedded    sharp  grey   sand 

with  one  interlaminated  seam  of  black  clay,  and  above  the  sand 

about  2  feet  of  dark  bluish  grey  clay.     Between  the  two  masses  of 

ohalk  the  sand  was  cut  out  by  the  clay  above  it,  but  over  the  masses 

themselves  it  was  very  regular.      Above  the  blufl:'  it  passes  into 

a  coarse  gravel. 

The  most  recent  exposures  of  the  north  side  of  the  bluff  itself 
appear  to  show  an  actual  inversion  of  all  the  chalk  below  the  thick 
flint.  These  flint  lines  are  not  clearly  marked  on  this  side,  but  their 
appearance  is  quite  consistent  with  and  indeed  suggestive  of  their 
being  actually  inverted,  and  the  hypothesis  that  they  ave  acluall'j 
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inverted  is  made  very  probable  by  the  fact  that  the  seams  of 
O.  luaata  op  to  and  indading  that  immediately  below  the  thick 
flint  follow  the  same  inverted  coarse,  a  fact  pointed  oat  to  me  by 
Mr.  Bidder.  Now  it  will  be  remembered  that  the  O.  lunaia  chalk 
was  continuous  across  the  gap,  and  that  the  gap  was  qaite  recently 
fairly  narrow,  and  though  no  bed  of  flint  happened  to  occur  in  the 
arch  of  0.  lunata  chalk  crossing  the  gap,  I  am  convinced  (and 
Mr.  Bidder  is  equally  positive)  that  the  thick  flint  in  the  bluff  was 
identical  with  the  flint  line  at  a  corresponding  height  in  the 
'secondary  bluff'  (Fig.  14).  If  we  are  right,  then  the  thick  flint 
was  not  involved  in  the  inversion.  That  being  so,  we  should  expect 
to  find  filling  the  gap  which  would  otherwise  be  left  between  the 
thick  flint  which  continues  more  or  less  horizontal,  and  the  beds 
below  which  break  away  from  it,  an  area  of  reconstructed  chalk,  and 
this  is  exactly  what  does  occur  there.  The  sketch  below  will  show 
what  is  meant : — 


Diagram -sketch  of  the  north-west  face  of  bluff. 

/» /» />  fliot  bands  ;  o,  o,  o,  seams  of  perfect  0.  lunata  in  section. 
A,  area  composed  of  chalk  crowded  with  comminuted  0.  lunata  and  no  other  fossils. 

Now  I  think  we  are  entitled  to  assume  (until  the  contrary  is 
shown)  that  the  inversion  is  a  result  of  the  same,  or  practically  the 
same,  force  which  has  so  greatly  tilted  the  beds  which  are  not 
actually  involved  in  the  inversion,  for  both  the  tilting  and  the 
inversion  must  have  been  produced  before  the  deposition  of  the  grey 
chalk  on  the  upturned  ends  of  the  tilted  strata,  since  neither  the 
tilting  nor  the  inversion  has  affected  the  grey  chalk,  and  that  fixes 
the  tilting  and  the  inversion  as  of  late  Cretaceous  age.  Evidently 
all  the  beds  now  appearing  in  the  bluff  were  tilted  together,  but  by 
the  time  the  angle  had  been  reached  at  which  the  uninverted  beds 
now  stand,  these  beds  must  have  been  raised  above  the  plane  at 
which  the  thrust  was  operating,  and  the  lower  beds,  being  still 
in  that  plane,  must  have  been  forced  to  part  company  with  the 
uninverted  beds,  no  great  matter,  as  the  whole  could  by  that  time 
have  only  been  lightly  consolidated,  and  turn  under  themselves. 
This  view  conforms  very  well  with  Lyell's  figure  of  the  bluff  when 
it  was  about  twenty  times  its  present  length.  This  figure  shows  at 
the  north  corner  a  small  area  of  chalk   with  a  steep  dip   which 


R,  M.  Brydone — Further  Notes  on  the  Trimmingham  Chalk.     77 

flattens  oat  southward  to  quite  a  gentle  dip  over  a  comparatively 
very  extensive  area,  showing  the  steep  dip  to  he  very  local. 
Prohahly  we  have  in  the  hlu£f  of  to-day  a  remnant  of  the  steeply 
dipping  area  only  of  Lyell's  blufif,  but  whether  that  is  so  or  not 
Lyell's  figure  is  a  very  strong  argument  against  assuming  the 
general  prevalence  of  a  steep  dip  at  this  point. 

The  only  possible  explanation  of  these  local  phenomena  seems  to  be 

one  on  the  lines  of  the  original  and  ingenious  theory  of  Mr.  Clement 

Beid,  varied  by  postulating  the  lateral  thrust  as  of  Cretaceous  age, 

directed  almost  due  south  and  very  local,  and  leaving  the  thrusting 

agent  altogether  indefinite.     Except  at  this  very  point  the  thrusting 

force   only  created  a  gentle  anticline.     This  anticline  of  greatly 

varying  sharpness  must  have  been  exposed  to  denudation,  which 

planed  off  the  upper  part  and  more  or  less  flattened  the  sides,  and  the 

surface  so  formed  was  then  resubmerged  and  the  grey  chalk  deposited 

on  it  to  a  minimum  thickness  of  three  feet.      At  some  date  shortly 

before  the  formation  of  the  glacial  beds,  the  chalk  must  have  been 

again  raised  and  exposed  to  a  south-westerly  sea,   which  formed 

caves  in  it  which  were  filled  by  the  first  inflow  of  boulder-clay. 

The  bottoms  of  these  caves  are  probably  well  below  the  present  beach 

level,  and  we  only  see  horizontal  sections  through  the  roofs  and  the 

tipper  surface  of  the  infilling  clay,  which  of  course  then  appears  to 

be  underlying  the  thin  edge  of  the  broken -through  roof  by  natural 

deposition.     The  detached  masses  of  chalk  seen  in  the  cliff  behind 

the  bluff  have  clearly  been  carried  up  by  a  mass  of  clay  from  below, 

and  represent  parts  of  the  roofs  of  these  caves,  which  were  too  weak 

to  resist  the  upward  pressure  of  the  clay.     Possibly  this  upward 

pressure  was  applied  at  a  much  later  date  than  the  iufilling  of  the 

caves,  for  the  thin  line  of  chalk  recorded  as  connecting  two  masses 

of  chalk  is  strongly   suggestive  of  chalk,   so  to   speak,  rolled  out 

between  the  upper  and  lower  clay,  and  this  could  only  take  place  by 

a  fresh  movement  of  the  lower  clay  after  the  upper  clay  bad  taken 

up  its  present  position.    It  is  also  suggested  by  the  regular  blending 

of  the  deposits  immediately  overlying  the  chalk  just  at  this  point  that 

after  the  first  influx  of  clay  had  filled  up  the  sea  bed  to  the  level  of 

about  the  top  of  the  chalk  there  was  an  interval,  during  which  the 

above-mentioned  regular  deposits  were  formed  on  the  new  sea  floor 

80  created,  before  this  sea  floor  was  covered  by  the  upper  clay,  and 

then  broken  up  by  renewed  motion  in  the  lower  clay. 

o.     Other  Exposures, 

A  new  feature  of  interest  is  the  exposure  for  a  short  time  of 
a  patch  of  0.  lunata  chalk,  about  30  yards  by  12,  some  340  yards  to 
the  south  of  the  south  bluff,  i.e.  roughly,  intermediate  between  it 
and  the  short  ridge  exposed  some  years  ago  at  the  foot  of  the  clilT 
under  the  brickfield  (which  latter  I  will  call  for  convenience  the 
brickfield  chalk).  This  new  patch  of  chalk  was  practically  touching 
the  base  of  a  great  mass  of  firm  clay  which  forms  at  present  the 
first  headland  to  the  south  of  the  south  bluff,  and  appeared  to  pass 
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under  this  clay  in  the  olifif  and  also  under  olay  to  the  northward, 
its  other  boundaries  being  formed  by  sand.  It  appeared  to  represent 
tlie  top  (or  rather  a  section  across  the  upper  part)  of  a  flat  ridge 
running  and  sinking  in  the  usual  direction  about  30^  south  of  east. 
Its  southern  and  eastern  ends  were  capped  by  a  practically  continuous 
sheet  of  flint,  identical  in  appearance  with  a  sheet  of  flint  which 
I  had  previously  observed  on  the  foreshore  close  by  coating  one 
side  of  a  ridge  of  0.  lunata  chalk  heading  in  this  very  direction. 
The  brickfield  chalk  recorded  in  my  previous  pamphlet  I  have 
never  seen  again,  but  once  or  twice,  in  1900-1904  there  just  showed 
through  the  sand  some  way  further  down  the  beach  a  narrow  ridge 
of  0.  lunata  chalk  once  visible  for  as  much  as  80  yards,  and 
apparently  running  out  to  sea  in  much  the  usual  direction,  and  in 
a  line  with  the  first  recorded  brickfleld  chalk.  This  ridge  has  been 
frequently  just  visible  during  1905,  and  in  October,  1905,  it  was 
gradually  exposed  to  a  length  of  over  66  yards.  It  was  nowhere 
more  than  4  feet  and  rarely  more  than  2  feet  thick,  and  dipped  very 
steeply,  to  the  north.  It  seemed  very  remarkable  that  such  a  long 
thin  ridge  should  have  been  preserved  on  a  foreshore,  though  there 
were  strong  indications  that  it  increased  greatly  in  width  at  a  very 
short  distance  deeper  down.  But  a  still  more  remarkable  thing 
was  revealed  on  close  examination,  i.e.  that  throughout  practically 
its  whole  length  it  was  composed  of  a  layer  of  0.  lunata  below  and 
a  layer  of  grey  to  white  chalk  above,  separated  by  a  grit  bed  full  of 
rolled  flints  and  chalk,  and  agreeing  most  exactly,  except  for  its 
greater  thickness  (maximum  at  least  6  inches)  and  the  greater  size 
of  the  flint  pebbles,  with  the  grit  bed  at  the  base  of  the  grey  ohalk 
in  the  north  blufif  over  a  mile  away.  I  have  little  hesitation  in 
identifying  the  two  grit  beds,  for  though  the  brickfield  chalk  above 
the  grit  bed  was  not  uniformly  grey,  it  contained  many  hardened 
and  apparently  rolled  lumps  of  chalk.  I  could  not  find  there  any 
of  the  characteristic  grey  chalk  fossils,  but  the  total  amount  of  chalk 
exposed  was  very  small,  and  the  physical  identity  is  very  pronounced. 

EXPLANATION  OF  PLATES. 

Views  of  Trimminf^ham  Chalk  BlufEs,  Norfolk  Coast. 
Various  views  of  the  North  BliifE  and  the  exposures  iu  the  bays  on  either  side  of  it. 

Plate  IV. 

Fio.   7. — Photo)2Taph  taken  November,  1904. 
,,     8. — South  bay  ;  November,  1904. 
,,     9. — Head  of  north  bay  from  top  of  bluff  ;  May,  1905. 

Plate  V. 

Fio.  10. — North  bay,  showiug:  plab  of  chalk  on  end  in  cliff;  April,  1905. 
,,     11. — Showing  slab  of  chalk  and  mass  of  stratified  shingle  on  end ;  May,  1905. 
,,     12.— North  Bluff,  seaward  aspect;  May,  1905. 

{To  be  concluded  in  our  next  number,) 
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TIL — BAonnr  abd  thb  Radial  Shbiviaob  or  thb  Earth. 
B7  T.  Mblulbd  RiADB,  F.G.8.,  F.B.I.B.A.,  A.M.I.C.E. 

IN  his  Presidential  Address  to  the  British  Assooiation,  Soath 
,  African  Meeting,  1906,  Professor  O.  H.  Darwin  points  out  that 
the  presence  of  radio-active  materials  in  small  proportion  in  the 
«an  would  serve  to  explain  the  present  radiation,  and  "ihat  con- 
centration of  matter  is  not  the  only  source  from  which  the  sun  may 
draw  its  heat."  Professor  Darwin  goes  on  to  explain  how  this 
enahles  us  to  extend  the  possihilities  of  geological  time  beyond  that 
to  which  some  physicists  would  limit  us. 

My  object  in  writing  this  is  to  point  out  that  if  the  sun's  heat  is 
kept  up  by  the  presence  of  radio-active  materials  the  same  must 
follow  with  regard  to  the  earth.  The  rate  of  cooling  of  the  earth 
must  consequently  be  slower  in  proportion  to  the  quantity  of  heat 
generated  by  the  radio-active  matter  present  in  its  substance. 

It  further  follows  from  these  premises  that  if  the  generation  of 
heat  by  these  radio-active  matters  in  the  earth  equals  the  dissipation 
of  it  at  the  eartli's  surface  the  globe  will  be  kept  at  the  same  average 
temperature.  If  this  be  the  condition  of  the  earth  at  the  present 
time  there  can  be  no  radial  contraction  taking  place  unless  due  to 
some  other  cause  than  loss  of  heat,  and  the  same  may  be  predicated 
of  any  previous  period. 

This  is  no  doubt  stating  an  extreme  case,  but  if,  on  the  other 
hand,  wo  assume  that  only  a  portion  of  tho  heat  lost  by  the  earth 
by  conduction  and  radiation  is  replaced  by  that  generated  by  radio- 
active bodies,  by  so  much  will  the  radial  sbrinkago  be  reduced  and 
the  mountain  -  making  activities  on  the  contraction  hypothesis 
rendered  less  efficient. 

It  has  ])een  shown  by  Osmond  Fisher  and  myself  that  the  gradual 
(iisjsipation  of  the  initial  heat  of  the  earth,  considered  simply  as 
a  cooling  body,  that  has  taken  place  in  the  past  is  quite  insufficient 
to  provide  the  radial  contraction  demanded  by  the  contraction 
hypothesis.^  If  any  of  this  lost  heat  is  renewed  this  inefficiency  is 
proportionately  intensified. 

Our  ideas  of  the  constitution  of  matter  are  undergoing  serious 
changes,  and  it  becomes  increasingly  important  that  geologists  should 
keep  themselves  abreast  of  the  times.  The  bugbear  of  a  narrow 
physical  limit  to  geological  time  being  got  rid  of,  we  are  free  to 
move  in  our  own  field  of  soienoe.  The  methods  of  geology  have  this 
advantage  over  those  of  pure  physics,  we  can  more  readily  appeal  to 
nature  for  confirmation  or  disproof. 

May  I  be  permitted  to  point  out  that  while  the  discovery  of 
radium  has  shaken  the  foundations  of  what  may  be  designated  the 
mathematical  theory  of  the  earth,  it  strongly  supports  those  who 
like  myself  have  long  contended  that  the  forces  which  create 
mountain  ranges,  raise  continents,  and  give  external  form  to  the 

*  Fisher :  "Physics  of  the  Earth's  Crust."  Reade :  **  Origin  of  Mountain  Ranges  "  ; 
'*£roIution  of  Earth  Structure." 
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earth  reside  in  the  earth  itself,  and  that  ''  the  earth  is  not  merely 
an  inert  mass  cooling  in  space."  ^ 

Our  conception  of  the  geologic  potentialities  of  matter  has  heen 
marvellously  widened  hy  the  recent  discoveries.  How  these  dis- 
coveries may  afifect  our  views  of  the  interaction  of  matters  as 
explaining  geological  changes  remains  to  be  decided  when  the  new 
methods  are  established  on  a  firm  basis,  of  which  there  seems  to  be 
an  early  prospect. 
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I. — On    the    Marginal    Phenomena    op    Granite   Domes.     By 

Professor  Orenville  A.  J.  Cole. 

IN  examining  the  gneisses  of  the  counties  of  Donegal  and  Tyrone, 
which  have  been  in  part  regarded  as  sheared  Archaean  masses, 
the  author  was  led  to  conclude  that  the  main  structures  are  due  to 
igneous  flow,  and  that  the  most  marked  gneissic  structure  occurs 
where  previously  foliated  sedimentary  and  igneous  material  has  been 
incorporated  with  an  invading  granite.  The  patches  of  foliated 
gneiss  in  the  granites  of  Donegal  are  thus  remnants  of  considerable 
masses  of  older  rock  that  have  been  absorbed  ;  and  the  phenomenon 
of  banded  gneiss  arises  characteristically  as  a  marginal  feature  of 
granite  domes.  Foliation  is  found  in  surrounding  masses  parallel 
to  that  in  the  granite,  and  at  the  same  time  parallel  to  the  surface 
of  junction,  for  the  simple  reason  that  the  granite  has  picked  ofiT, 
leaf  by  leaf,  the  layers  of  foliated  rock  against  which  it  rose.  The 
author  thus  ranges  himself  with  those  who  ascribe  the  most  profound 
metamorphism  to  igneous  rather  than  to  dynamic  action,  and 
ventures  to  suggest  that  similar  conclusions  may  be  drawn  from  the 
rocks  of  the  Malmesbury  series  in  the  west  of  Cape  Colony,  where 
a  commingling  of  rocks  appears  to  have  taken  place  during  a  period 
of  subterranean  flow. 


II. — Magmatio  Segregation  of  Sulphide  Ores.      By  Dr.  A.  P. 

Coleman. 

THE  formation  of  ore  bodies  by  magmatio  segregation  in  eruptive 
rocks  has  long  been  admitted  as  regards  magnetite  and 
titaniferous  iron  ores,  but  the  formation  of  sulphide  ore  bodies  in 
this  way  has  been  disputed  by  many  geologists.  The  pyrrhotite 
ores  of  nickel  in  Norway  were  first  recognised  by  Professor  Vogt  as 
having  this  origin ;  and  his  theory  has  been  applied  to  the  Sudbury 
nickel  ores  by  various  geologists,  and  opposed  by  others.  The 
recent  complete  mapping  of  the  eruptive  sheet,  with  which  the 
Sudbury  ore  bodies  are  all  connected,  proves  that  they  are  really 

»  **  Evolution  of  Earth  Structure,"  p.  28. 
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segregated  from  the  eruptive  rock  and  form  an  integral  part  of  it, 
with  every  gradation  between  ore  and  rock.  It  is  believed  that 
gravitation  played  a  large  part  in  the  segregation,  since  the  ore 
bodies  are  regularly  found  at  the  lowest  points  in  the  lower  edge  of 
the  norite-micropegmatite  sheet  with  which  they  are  connected. 


III. — On  the  Geology  of  South  Victoria    Land.     By  H.  T. 

FSBBAB,  M.A. 

I.  The  knowledge  we  had  of  South  Victoria  Land  previous  to  the 
departure  of  the  "  Discovery  "  was  mainly  acquired  by  the  expedition 
under  Sir  James  Clarke  Boss  in  H.M.S.  ''Erebus"  and  H.M.S. 
"Terror,"  in  the  years  1839-1843.  His  discoveries  may  be 
briefly  snmmed  up  thus  : — 

(a)  A  great  range  of  mountains,  which  rise  occasionally  to  heights 
of  15,000  feet,  and  extend  in  a  north  and  south  direction  for  at  least 
500  miles. 

(6)  The  presence  of  volcanic  and  plutonic  rocks  in  this  area. 

(c)  An  open  shallow  sea  south  of  the  Antarctic  circle. 

(d)  An  active  volcano,  Mount  Erebus,  over  12,000  feet  high, 
emitting  flame  and  smoke  in  great  profusion. 

(e)  A  wall  of  ice,  the  Great  Ice  Barrier,  on  an  average  150  feet 
high  and  about  470  miles  long. 

In  1899  the  "  Southern  Cross  "  expedition  brought  home  from 
Cape  Adare  specimens  of  granites,  basalts,  and  quartz  slates,  but 
nnibrtunately  the  latter  proved  to  be  unfossiliferous. 

II.  This  section  deals  with  the  volcanic  islands  off  the  coast, 
commencing  with  the  Balleny  Group,  in  latitude  QQ°  S.,  and  passes 
on  to  the  rocks  of  the  mainland  in  latitude  77°  S.  The  rocks  from 
the  islands  are  chiefly  basalts  and  tuffs,  though  intrusions  of  trachyte 
are  fairly  common.  Edward  Yll  Land  and  the  volcanoes  on  the 
mainland  are  included  in  this  section,  as  the  latter,  at  any  rate, 
belong  to  the  recent  volcanic  eruptions  of  the  area.  All  the  volcanoes 
are  undenuded  cones,  and  are  usually  situated  in  isolated  positions, 
and  contrast  strongly  in  outline  with  the  rugged  scenery  of  the  main 
mountain  range. 

III.  The  Continental  Range,  The  great  range  of  mountains 
discovered  by  Sir  James  Boss  has  been  proved  to  be  at  least  800 
miles  long,  and  to  have  some  remarkable  features  common  to  the 
whole  length.  This  great  mountain  range  is  divided  into  smaller 
ranges,  to  which  distinguishing  names  have  been  given ;  but  only 
one,  the  Boyal  Society  Bange,  has  been  examined  in  detail  by  the 
expedition.  The  rocks  that  compose  the  range  are  conveniently 
separated  into  four  distinct  groups — namely,  gneisses,  granites, 
sandstones,  and  dolerites.  The  sandstone,  to  which  I  propose  to 
give  the  name  Beacon  Sandstone  Formation,  provides  a  convenient 
Btratigraphical  datum  -  line,  with  reference  to  which  the  other 
phenomena  may  be  considered. 

(i)  The  Gneissic  Bocks  occur  at  sea-level  and  below  a  sequence  of 
locks  which  is  at  least  12,000  feet  thick,  and  may  be  safely  legai^^di 
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as  forming  the  anoient  platform  on  whioh  the  oentral  part  of  South 
Yiotoria  Land  is  built.  The  foot-hills  of  the  Koyal  Society  Bange 
and  the  lower  portions  of  the  Cathedral  Bocks  are  composed  of  this 
dass  of  rock. 

(ii)  The  Granites  have  been  encountered  at  the  north  end  of  the 
Boyal  Society  Range,  where  they  rest  upon  gneisses,  and  dykes  of 
granite  pierce  the  gneissic  series.  At  Granite  Harbour  this  type 
of  rock  is  found  as  a  huge  boss,  and  is  probably  covered  by  a  sheet 
of  dolerite.  Where  the  Ferrar  Glacier  forks,  a  junction  of  dolerite 
and  granite  proves  that  there  are  two  distinct  developments  of 
granite,  one  older  and  one  younger  than  a  certain  sheet  of  dolerite. 

(iii)  The  Beacon  Sandstone  Formation  is  met  with  at  a  height 
of  4,000  feet  above  sea-level,  and  about  40  miles  from  the  sea.  It 
appears  to  be  nearly  3,000  feet  thick,  and  near  the  top  indeterminable 
fossil  plants  were  found.  The  bedding  is  practically  horizontal,  and 
the  rock  is  remarkably  uniform  in  texture.  The  surface  upon  which 
it  rests  has  not  yet  been  discovered. 

(iv)  The  Dolerite  Sheets  produce  the  plateau  features  characteristic 
of  that  rock,  and  cap  the  sandstone  over  a  very  large  area.  Dykes, 
sills,  and  pipes  of  the  dolerite  occur  in  the  sandstone,  and  prove  the 
former  to  be  intrusive.  The  original  dolerite  plateaux  have  been 
dissected  by  water  action,  apparently  prior  to  the  faulting  which 
has  dislocated  the  Beacon  Sandstone. 

lY.  The  Ice.  Sea-ice,  produced  by  the  freezing  of  the  sea  during 
the  Winter,  is  on  an  average  8^  feet  thick,  but  during  the  Summer 
the  sea- water  melts  the  lower  surface  of  the  ice.  Shore-ice,  a  fringe 
of  glacier  ice  attached  to  the  land,  shows  the  conservative  action  of 
ice  in  this  latitude.  Inland  ice,  local  ice-caps,  piedmonts,  and  other 
types  of  glaciers  may  be  recognised  in  South  Victoria  Land.  The 
term  *  floating  piedmont '  has  been  suggested  as  descriptive  of  the 
Great  Ice  Barrier,  or  Ice  Sheet,  of  Boss,  and  there  are  at  least  three 
examples  in  our  area. 

The  moraines  high  on  the  slopes  of  Mount  Erebus,  and  other 
moraines  stranded  at  various  spots,  are  considered  in  their  relation 
to  the  past  and  present  distribution  of  the  ice,  and  the  conclusion 
arrived  at  is  that  the  glaciation  is  appro8U)hing  a  minimum. 


IV. — Evidences  of  Glacial  Conditions  in  Pbrmo-Carbonifebous 
Times  in  the  Transvaal.    By  Edward  T.  Mellor,  B.Sc 

[Communicated  by  permission  of  the  Director  of  the  Geological  Survey  of  the 

Trans  vaaL] 

THE  present  paper  gives  a  brief  account  of  recent  work  in 
connection  with  the  rocks  at  the  base  of  the  Karroo  System 
in  the  Transvaal,  including  some  additions  to  the  evidence  of 
extensive  glacial  action  in  early  Karroo  times.  The  description 
given  of  the  character  and  mode  of  occurrence  of  the  glacial 
conglomerate  is  based  mainly  upon  observations  made  in  the  oourte 
uf  mapping  a  district  lying  between  the  Elands  and  Wilge  Bivers, 
east  of  Pretoria.     The  Karroo  System  does  not  here  attain   so 
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<x)niplete  a  development  as  in  the  more  eastern  and  southern  portions 
of  South  Africa.  The  whole  thickness  of  the  formation  rarely 
exceeds  400-500  feet,  and  it  is  not  possible  as  yet  to  recognise  the 
many  divisions  which  it  presents  in  those  parts  of  South  Aftioa 
where  it  attains  a  much  greater  thickness.  Outliers  along  the 
margin  of  the  main  area  occupied  by  the  Karroo  System  a£ford  good 
opportunities  for  the  study  of  the  glacial  conglomerate  which  forms 
its  base.  They  are  occasionally  entirely  composed  of  this  con- 
glomerate owing  to  the  complete  denudation  of  the  overlying 
eandstones  and  grits. 

The  npper  and  well  stratified  portion  of  the  formation  lies  every- 
where horizontally,  and  its  base  maintains  a  very  constant  elevation 
of  about  4,900  to  5,000  feet  The  glacial  beds  of  the  lower  portion 
of  the  formation  rarely  show  distinct  stratification,  and  outliers 
consisting  of  these  alone  closely  resemble,  both  in  appearance  and 
mode  of  distribution,  patches  of  glacial  drift  of  comparatively  recent 
origin.  There  is  abundant  evidence  that  they  were  laid  down  upon 
an  old  land  surface  possessing  considerable  variety  of  surface  feature, 
and  some  of  the  thickest  deposits  of  glacial  conglomerate  occur  in 
valleys  or  below  escarpments  which  were  in  existence  before  its 
deposition. 

Owing  to  the  abundant  sandy  drift  arising  both  from  the  con- 
glomerate itself  and  from  the  grits  and  sandstones  which  usually 
overlie  it,  the  solid  conglomerate  is  rarely  exposed  at  the  surface. 
Where  seen,  it  is  of  a  light  yellow  or  cream  colour,  and  usually 
consists  of  a  sandy-looking  matrix  containing  abundant  boulders  and 
pebbles  distributed  without  definite  arrangement  through  the  mass. 
The  pebbles  and  boulders  vary  in  size  from  2  to  3  inches  up  to  as 
much  as  10  feet  in  diameter.  The  materials  of  which  the  boulders 
are  composed  vary  much  in  character.  There  is  always  a  great 
preponderance  of  local  rooks,  with  an  admixture  of  others  which  can 
be  shown  to  be  derived  from  comparatively  distant  sources,  which 
are  to  the  north  of  the  present  position  of  the  boulders.  In  the 
district  here  specially  referred  to,  the  majority  of  the  boulders 
consist  of  hard  red  quartzites  and  conglomerates  derived  from  the 
Waterberg  Formation,  which  underlies  the  glacial  conglomerate  over 
a  large  part  of  the  area.  Almost  equally  numerous  are  boulders  of 
the  Red  Granite,  which  occurs  extensively  further  to  the  north. 

The  boulders  are  always  highly  polished  and  usually  facetted. 
When  composed  of  fine-grained  rocks,  such  as  felsites  and  shales, 
they  frequently  show  striations  on  the  facets.  The  matrix  of  the 
glacial  conglomerate  consists  of  sharply  angular  fragments  of  quartz 
and  of  rocks  similar  to  those  of  which  the  boulders  are  composed, 
varying  in  size  from  mere  grains  upwards.  It  differs  to  some  extent 
from  the  matrix  of  the  typical  Dwyka  conglomerate  of  the  more 
southern  portions  of  South  Africa  in  presenting  an  appearance  much 
lesH  suggestive  of  an  igneous  origin.  By  weathering,  the  matrix 
"C>f  the  conglomerate  usually  gives  rise  to  sandy  products;  in  some 
localities,  however,  it  produces  a  yellowish  clay,  in  which  the 
Mulders  remain  embedded.     In  specimens  from  a  depth,  tk©  vaaVivx. 
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is  ocoasioDally  greenish  in  colour.  Locally  there  occur  in  the 
conglomerate  lenticular  patches  of  fine-grained,  massive,  white  or 
cream-coloured  sandstones,  and  white,  finely  laminated  shales  and 
mndstones. 

The  progressive  denudation  of  the  glacial  conglomerate  exposes 
at  its  margin  the  glaciated  surfaces  of  the  underlying  rocks,  which 
frequently  show  very  clear  striation.  The  best  examples  yet  met 
with  are  those  occurring  to  the  north  of  the  Douglas  Colliery  near 
Balmoral.  In  a  number  of  examples  distributed  over  an  area  of 
300  square  miles  the  striad  exhibit  great  constancy  of  direction,  and 
point  to  the  existence  of  an  extensive  ice-sheet  with  a  movement 
from  N.N.W.  to  S.S.E. 

It  is  very  probable  that  the  glacial  conglomerate  extends  very 
much  further  north  than  the  localities  at  present  known.  During 
the  past  year  outliers  of  the  conglomerate  were  found  ninety  miles 
north  of  the  latitude  of  Johannesburg. 


V.  —  The  Plutonic  Rooks  and  theib  Relations  with  thb 
Crystalline  Sohists  and  otheb  Fobmationb.  By  F.  P. 
Mennell. 

rhas  been  pointed  out  by  Teall  that  the  final  solution  of  the 
problems  arising  in  connection  with  the  origin  of  igneous 
magmas  is  possibly  to  be  looked  for  where  the  plutonic  rocks  are 
seen  in  their  relations  with  the  crystalline  schists.  The  writer 
dealt  with  observations  made  in  such  an  area  and  the  inferences  to 
be  drawn  therefrom.  He  concluded  that  the  average  igneous  rock 
has  practically  the  composition  of  the  average  granite,  and  that 
plutonic  rooks  are  immensely  more  important  than  the  other  classes, 
even  when  the  term  plutonic  is  used  in  a  much  more  restricted 
sense  than  by  many  authors.  The  causes  of  variation  were  discussed, 
and  segregation,  except  as  a  phenomenon  of  limited  importance,  was 
dismissed  as  an  untenable  theory.  The  origin  of  the  magmas 
must  be  considered  in  order  to  account  for  subsequent  variation. 
'Refusion'  seems  the  only  possible  mode  of  formation.  Granite 
appears  to  result  from  the  efifective  mixing  of  the  heterogeneous 
materials  melted  down,  other  igneous  rocks  being  the  result  of  the 
cooling  of  different  parts  before  mixture  is  complete,  basic  material 
having  also  the  best  chance  of  reaching  the  surface  as  lava,  owing  to 
its  superior  liquidity.  There  is  circulation  of  material  between  the 
igneous  and  sedimentary  rocks,  the  material  analysed  in  the  latter 
being  subjected  to  synthesis  in  the  making  of  the  former. 


VI. — Baviaan's    Kloof  :    A   Contbibution    to    the  Thboby  of 
Mountain  Folds.     By  Ebnest  H.  L.  Sohwabz,  A.R.C.S. 

BAVIAAN'S  KLOOF  is  a  narrow  valley  lying  between  mountains 
belonging  to  the  Triassic  period.     The  geological  history  may 
be  summarised  thus  : — 

{aj  First  base-level.    Deposition  of  Enon  Conglomerate,  derived 
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from  the  disiotegration  of  the  newly-formed  mountains,  on  a  plain 
eroded  between  the  two  mountain  chains. 

(5)  Period  of  oross-folding.  The  area  traversed  by  two  sets  of 
folds  in  directions  W.N.W.-E.N.E.  and  S.W.-N.E. ;  these  let  down 
portions  of  the  surface  in  deep  pits,  bounded  by  circular  faults  and 
sharp  folds. 

(e)  Second  base-level.  The  Enon  Conglomerate  removed,  except 
that  in  the  fold-basins,  and  the  surface  of  the  valley  again  reduced 
to  a  double  level  of  erosion. 

(d)  Rising  of  the  land.  Deep  erosion  of  the  river  channels ; 
immense  gorges  cut  in  the  floor  of  the  plain  and  most  of  the  loose 
contents  of  the  Enou  Conglomerate  in  the  fold-basins  removed. 

Cross-folding  is  the  interpretation  of  the  two  sets  of  mountain 
folds,  and  the  sinking  of  areas  in  the  meshes  between  is  contrary  to 
what  would  happen  if  the  folds  were  produced  by  direct  tangential 
thrust.  The  direct  thrust  theory  also  has  to  explain  how  a  force 
could  act  at  a  distance  when  the  material  through  which  it  is 
transmitted  is  so  heavy  in  proportion  to  its  strength  and  has  such 
immense  friction  to  overcome. 

The  resemblance  of  these  Baviaan's  Kloof  fold-basins  to  pits  found 
between  two  sets  of  crossing  ripple-marks  has  suggested  that  certain 
mountain  folds  are  produced  by  earth-shaking  waves  which  become 
retarded  when  approaching  an  immovable  bufifer,  such  as  masses  of 
granite  anchored  to  the  deep  substructure  of  the  earth's  crust.  This 
theory  is  further  illustrated  experimentally  by  what  happens  in 
a  lead  sink  where  hot  and  cold  water  is  let  in  at  one  end  from  a  tap ; 
the  disturbance  produced  by  this  gradually  causes  ridges  to  form  at 
the  further  end  of  the  sink,  though  the  lead  is  too  pliant  to  allow 
a  direct  thrust  thus  to  act  at  a  distance. 

*  Shearing '  and  *  fold  arc '  structure  may  also  be  explained 
on  the  wave  theory,  whereas  *  block  up-lift*  structure  is  rather 
a  problem  in  isostasy. 

le,  E  V  I  E!  "W  S. 


I.  —  An  Introduction  to  Geology.  By  J.  E.  Mark,  Sc.D., 
F.R.S.  8vo ;  pp.  viii,  229,  with  33  illustrations.  (Cambridge  ; 
at  the  University  Press,  1905.     Price  3«.) 

rpHAT  geology  flourishes  as  a  recreative  science  is  manifest  to  all 
J_  who  read  their  Quarterly  Journal,  Geological  Magazine, 
or  Proceedings  of  the  Geologists'  Association ;  while  the  good  work 
that  is  being  done  and  may  be  done  by  amateurs  as  Avell  as 
professionals,  especially  in  the  study  of  fossils,  formed  the  text  last 
year  of  Dr.  Smith  Woodward's  interesting  address  to  the  Geologists' 
Association.  Most  excellent  work  is  being  achieved  by  those  who 
concentrate  their  attention  on  certain  formations,  or  fossils,  or 
districts ;  and  it  is  necessary  that  the  supply  of  such  workers  be 
maintained. 
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The  little  book  before  ns,  by  the  President  of  the  Geological 
Society,  is  well  calculated  to  promote  this  object;  indeed,  it  wa» 
written  as  an  introduction  for  those  who  will  subsequently  proceed  U> 
more  advanced  treatises  and  as  a  guide  to  those  general  readers  who- 
simply  desire  to  obtain  some  idea  of  the  science.  As  far  as  possible 
in  a  limited  space  the  author  has  provided  good  and  stimulating- 
material  for  both  classes  of  enquirers,  a  task  always  difficult,  and  if, 
as  will  surely  be  the  case,  the  student  finds  that  the  information  on 
this  or  that  point  is  too  meagre,  he  will,  we  trust,  be  induced  to  turn 
to  other  guides  and  philosophers,  if  not  to  the  classroom  where 
Dr.  Marr  has  so  long  and  successfully  expounded  the  principles  of 
geology  and  the  methods  of  research. 

The  book  is  illustrated  by  many  diagrams  and  by  several 
beautiful  photographs,  notably  those  of  a  glacier,  glaciated  rocks, 
graptolites,  a  trilobite,  and  nummulites. 

We  are  doubtful  whether  the  diagram  of  fan-structure,  fig.  15,  p.  93, 
would  be  easily  intelligible  to  the  student.  It  rather  represents  an 
antiolinorium  than  the  structure  en  eventail  where  the  bands  of  rock 
in  a  doubly  inverted  anticline  spread  out  in  fan-like  form,  as 
figured  in  Sir  A.  Greikie's  Textbook,  vol.  i  (1903),  p.  678,  or  in 
Ghamberlin  &  Salisbury's  G^logy,  p.  484.  In  saying  this  we 
admit  that  a  figure  somewhat  similar  to  that  in  the  book  before 
ns  was  given  by  Lap  worth  iu  his  ''Secret  of  the  Highlands,'^ 
Gbologioal  Maqaziks  for  1883,  Plate  V,  but  we  think  that  the 
true  fan-structure  of  A.  Favre,  Heira,  and  others  is  represented  in 
Plate  Vni,  Figs.  6  and  7,  accompanying  the  same  article.  Such 
a  handy  book  is  certain  to  be  taken  up  by  many  readers. 


II. — Memoibs  of  the  Geoloqioal  Survey. 

The  Geology  op  Mid  -  Argyll.  By  J.  B.  Hill,  RN.,  with 
the  collaboration  of  B.  N.  Peach,  LL.D.,  F.R.S.,  C.  T.  Glouoh, 
M.A.,  and  H.  Kynaston,  B.A.  With  Petrological  Notes  by 
J.  J.  H.  Teall,  D.Sc.,  F.R.S.,  and  J.  S.  Flett,  M.B.,  D.Sc. 
pp.  vi,  166.     (1905.     Price  3«.) 

THE  area  embraced  in  this  memoir,  very  lucidly  described  by 
Mr.  Hill  in  the  Introductory  Chapter,  extends  from  the  bordera 
of  Upper  Loch  Fyne  into  the  district  of  Lome  on  the  north-west 
and  to  Oowal  on  the  south-east.  The  capital  of  Argyllshire  stands 
near  the  centre,  and  there  is  an  excellent  photographic  frontispiece 
showing  Inveraray  Castle  and  the  raised-beach  platform  that  fringes 
Loch  Fyne.  A  great  part  of  the  district  is  formed  of  metamorphio 
schists,  including  slates,  quartzites,  schistose  grits,  and  limestones, 
together  with  mica  schists,  graphite  schists,  and  the  problematical 
**  Green  Beds,"  which  may  have  originated  as  clastic  rocks  derived 
from  basic  igneous  rocks.  Lower  Old  Bed  Sandstone  and  con- 
glomerate with  andesites,  etc.,  occur  in  the  north-western  region. 
The  most  mountainous  portion  is  that  in  the  north-east,  on  the 
borders  of  which  the  ancient  schistose  rocks  of   Beinn  Buidhe 
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rise  3,106   feet      Bather    fall  partioalars  are  given  of   all    the 
metamorphio    and    older    igneous    rocks,    the    latter    oomprising 
epidiorite  and  serpentine;    there  is  a  chapter  on   the  effects  of 
folding  and  progressive  regional  metamorphism ;    while  the  later 
intrusive  rooks,  granite,  hyperite,  diorite,  and  kentallenite,  various 
sills  and  dykes,  and  the  Tertiary  intrusions  furnish  ample  material 
for    those    interested   in  petrography.      Matter   perhaps  of  more 
popular  interest  is  contained  in  the  chapter  on  the  Glacial  and 
Beoent  deposits.      It  is  pointed  out  that  the  gathering-ground  of 
the  ice-cap,  which  in  the  period  of  maximum  glaciation  completely 
overrode  this  mountainous  district,  was  situated  in  the  Grampian 
range  to  the  north-east,  the  ice  issuing  in  a  south-westerly  direction 
along  the  parallel  hasins  of  Looh  Fyne  and  Loch  Awe ;  the  major 
rock-l)asins  coincide  with  the  direction  of  this  ice-flow,  and   the 
evidence  generally  obtained  in  the  area  favours  the  connection  of 
the  rock-basins  with  glacial  phenomena.     Of  the  various  glacial 
drifts  and  fluvio-glacial  gravels,  of  the  raised  beaches  and  the  story 
they  tell  of  changes  of  level,  and  of  the  economic  deposits  of  the 
area  we  find  many  interesting  and  useful  particulars.     A  biblio- 
graphical   list    is    given    in    the    appendix,   but   perhaps   further 
references  in  the  text  might  have  been  given  to  the  observations 
of  other  geologists  who  have  written  on  Argyllshire. 


III. — The  Geology  of  the  Country  abound  Cork  and  Cork 
Harbour.  By  G.  W.  Lamplugh,  F.G.S.,  J.  R.  Kilroe, 
A.  McHenry,  M.R.I.A.,  H.  J.  Seymour,  B.A.,  \V.  B.  Wright, 
B.A.,  and  H.  B.  Muff,  B.A.     pp.  vii,  135.     (1905.     Price  3«.) 

TIHIS  memoir  is  descriptive  of  a  specially  prepared  and  colour- 
printed  map  of  the  country  around  the  city  of  Cork,  including 
the  whole  of  Cork  Harbour ;  the  area  Laving  been  re-surveyed  with 
tie  object  only  of  mapping  the  glacial  drifts  and  other  superficial 
deposits. 

The  older  geological  formations  include  the  Lower  and  Upper  Old 

Bed  Sandstone  (termed  on  the  previous  Geological  Survey  map  the 

Dingle  and  Kiltorcan  Beds)  and  the  Carboniferous  Limestone  Series. 

The  boundaries  that  mark  the  exposed  limits  of  these  older  rocks 

are  reproduced  from  that  Survey ;  and  the  only  notable  change  is 

the    abolition    of   the    term    "Coal-measures?"    which    strangely 

enough   was   used   for    beds   now   grouped   as   "  Upper    Shale   or 

Fosidonomya   Becheri  Beds."      So   much   interest  attaches   to   the 

relations  of  these  Old  Red  and  Carboniferous  beds  to  the  equivalent 

strata  in  the  west  of  England  and  South  Wales,  that  it  is  a  matter 

of  regret  that  the  attention  of  Mr.  Lamplugh  and  his  associates  was 

confined  (officially)  to  the  mapping  of  the  superficial  deposits.     In 

consequence  we  have  to  be  content  with  a  good  deal  of  information 

gathered  more  than  fifty  years  ago,  as  the  district  was  surveyed  by 

Jukes  and  his  staff  in  1851-2 ;   while  the  explanatory  memoir  on 

Sheets  187,  195,  and  196,  owing  to  **  the  inadequate  means  afforded 

OS  to  carry  oat  our  work  to  completion,"  was  not  issued  until  1864. 
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KeedleM  to  »j.  tbeie  «  maA  of  mteiesl  in  the  remarks  of  Jukes 
on  Uie  Old  Bed  Sandetoney  Deronim,  and  Gwboniferoos  rocks  in 
ihmi  old  memoir,  which  deals  with  a  Isffge  pait  of  the  area  described 
in  die  work  before  nsw 

Untfl  the  new  sortej  was  carried  ont  oar  knowledge  of  the 
GhKial  Drifts  of  the  districl  was  meagre,  and  the  greater  part  of  the 
present  memoir  ia  ooeopied  with  a  general  and  detailed  description 
of  the  raised  beachesy  'head,'  boolder-daj,  glacial  sands  and 
graTels,  old  rirer  gravds  and  deltas,  and  other  superficial  deposits. 
The  story  told  bj  these  complex  aocamnlations  has  been  most  ably 
and  skilfnlly  disentangled ;  and  we  commend  its  perosal  to  our 
readers.  The  pre-giacial  or  early  glacial  shore-line  discovered  by 
Messrs.  Moff  &  Wright  near  the  month  of  Cork  Harbour  consists 
of  a  rock-shelf,  on  whi<^  there  rests  in  sacceesion  raised  beach, 
blown  sand,  'head'  or  tains,  bonlder-clay,  and  an  upper  'head.' 
Hie  ancient  shore-line  is  distinctly  older  than  the  glaoiation  of  any 
part  of  the  south  or  south-east  of  Ireland.  Hie  present  river  valleys, 
the  origin  of  which  was  discussed  in  a  classic  paper  by  Jukes,  were 
mainly  of  pre-glacial  age.  The  valley  system  of  the  interior  has 
been  only  slightly  modified,  and  the  present  sea-inlets  have  been 
brought  about  by  depression  whereby  the  lower  parts  of  the  valleys 
were  submerged.  The  memoir  is  well  illustrated  with  photographic 
plates  and  other  figures,  and  it  contains  a  useful  chapter  on  economic 
geology. 


lY. — Oeolooical  Sukvkt  or  Canada.  By  Robert  Bell,  LS.O., 
M.D.,  F.R.S.,  Acting  Director.  Part  0,  Annual  Report,  vol.  xiv. 
The  Artesian  and  other  Deep  Wells  on  the  Island  of  Montreal. 
By  Frank  D.  Adaus,  D.Sc.,  F.G.S.,  and  Osmond  £.  Lkrot,  M.Sa 
8vo ;  74  pp.     (Ottawa  :  S.  E.  Dawson,  1904.) 

rG  objects  kept  in  view  by  the  authors  of  this  able  report  were, 
in  the  first  place,  to  describe  as  completely  as  possible  all  the 
borings  put  down  in  the  Island  of  Montreal  up  to  the  close  of  the 
year  1903,  and  secondly,  to  ascertain,  if  possible,  whether  any 
definite  water-bearing  horizons  existed  in  the  underlying  rooks, 
and  by  a  study  of  the  geology  of  the  district  to  learn  the  character 
and  origin  of  the  subterranean  water  supplies  and  the  prospect  of 
obtaining  water  by  further  borings. 

Eighty-nine  boreholes  were  found  to  have  been  made  during  the 
period  covered  by  the  report  Only  six  of  these  were,  however, 
actually  flowing,  that  is  artesian  wells,  most  of  the  Montreal  wells 
requiring  to  be  pumped.  A  tabulated  list  specifies  the  depth  in 
feet  of  the  borings,  the  diameter  of  the  holes  in  inches,  the  capacity 
per  diem  in  gallons  (much  higher  than  that  usually  required),  the 
character  of  the  water,  hard,  soft,  saline,  etc.,  together  with  the 
names  of  the  owners,  location  of  the  borings,  and  other  details. 
A  careful  description  of  each  boring  follows  this  list,  from  which 
it  is  seen  that  most  of  the  wells  yield  potable  waters,  while  some  of 
them  are  hard,  owing  to  the  presence  of  a  considerable  quantity 
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of  lime  or  magnesia  salts,  thus  rendering  them  unsuitable  for  use 
in  steam  boilers.  Others,  being  impregnated  with  sulphurous  com- 
ponnds,  or  possessing  a  saline  character,  are  only  of  use  for  cooling 
purposes.  Analyses  of  the  waters  have  been-  made  from  time 
to  time,  but  these  having  been  prepared  merely  for  technical 
purposes  are  in  most  cases  incomplete.  A  comparative  examination 
of  them,  however,  brings  out  some  interesting  points  bearing  upon 
their  chemical  composition  in  relation  to  the  rooks  from  which  they 
were  derived. 

Begarding  the  course  of  the  underground  waters  supplying  the 
Domerous  wells  sunk  in  the  thickly-bedded  (Ordovician)  limestones 
in  the  Island  of  Montreal,  the  authors  conclude  that  the  channels 
through  which  the  waters  flow  have  the  form  of  irregular  fissures, 
and  that  "there  is  no  distinct  water-bearing  horizon  in  the  form 
of  interstratified  permeable  beds."  The  proof  of  this  is  to  be  found 
in  the  circumstance  that  both  the  supply  and  the  character  of  the 
water  differ  in  boring^  in  comparatively  close  proximity  to  each 
other.  The  irregular  course  of  the  waters  is  partly  influenced  by 
the  presence  of  abundant  dykes  and  sheets  of  impervious  igneous 
rocks  traversing  the  limestone  strata  in  every  direction. 

A  very  moderate  estimate  shows  that  the  wells  already  bored 
would  yield,  if  pumped  to  their  full  capacity,  2,600,000  gallons 
per  diem,  which  is  nearly  one-tenth  of  the  daily  average  pumped  by 
the  Montreal  Water  Works  for  the  use  of  the  city. 

The  source  of  the  underground  water  is  considered  to  be  in  all 
probability  the  higher  portion  of  the  plains  along  the  flanks  of  the 
Laurentian  country  in  the  north-western  part  of  the  Island  of 
Montreal. 

This  valuable  report  is  illustrated  by  diagrams  in  the  text,  and  by 
(1)  a  geologically  coloured  map  of  the  Island  of  Montreal  and  its 
vicinity,  (2)  a  topographical  map  of  the  city  of  Montreal  with  the 
positions  of  the  borings,  (3)  graphic  diagrams  showing  the  relations 
of  certain  groups  of  wells  in  the  city  of  Montreal  and  its  vicinity. 

Arthur  II.  Foord. 
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Geological  Society  of  London. 

I.— December  20th,  1905.— J.  E.  Marr,  So.D.,  F.R.S.,  President,  in 
the  Chair.     The  following  communications  were  read  : — 

1.  **The  Highest  Silurian  Rocks  of  the  Ludlow  District."  By 
Miss  Gertrude  L.  Elles,  D.Sc,  and  Miss  I.  L.  Slater,  Newnham 
College,  Cambridge.  (Communicated  by  Professor  T.  McKenny 
Hughes,  M.A.,  F.R.S.,  F.G.S.) 

After  an  introduction  dealing  with  previous  Avork  in  the  district, 
the  authoresses  adopt  the  following  classification  of  the  beds  : — 
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Feet. 

/  B.  Temedde   or  Eury-  \  nn  x^  ioa  /  Zone  of  Lingula  cornea 

III.  Temebidb    J  ^/m«  Shales  |  iiuioizu  ^     w[iA  Enrypterua, 

Group,     j  A.  Downton   Castle  or  )     30  to  50     \  ^^^^  ^^  Lingula 

\  Yellow  Sandstone      |    ^^  |     minima. 

TT    TT««-«         /B.  Upper  Whitcliffe  or  1  i-a*«  i«n  (Zone  of  Chonetet 

?l^^.w  ^^^^«  Fl^  1  i     ^riateUa. 

^—  r-  ^A;:^rS^^}  ^^o  to  120  {^^ne^^:  ^'^'^'^^ 

1.  A.MBSXK.     ^-  ''sL'r  "   "^''^'^l    ^010  150     Zoneof  i>ay^n.W^^. 

Group,     j  A.    Aymestry  or   Cow-    \     75  to  250  ( ^^'^^  ^^   Conehidium 
\         chidium  Limestones  )  (      Kniffhtii, 

516  to  850 

A  brief  outline  desoription  of  the  main  subdivision s  is  first  given, 
as  tbey  appear  when  followed  from  Ludlow  southward  to  Overton, 
eastward  to  Caynham  Gamp,  westward  to  Downton-on-tbe-Rook, 
and  northward  to  Bromfield,  and  also  near  Onibury  and  Norton* 
The  main  tectoiiic  features  of  the  district  appear  to  be  due  to  the 
superposition  of  Armorican  movements  in  rocks  with  a  Caledonian 
trend,  held  by  some  rigid  mass  to  the  north,  presumably  the 
Longmynd  massif.  A  detailed  description  is  then  given  of  the 
succession,  as  seen  at  the  following  localities:  Eiver  Teme,  Wigmore 
Boad,  Deerhouse  Bank,  Caynham  inlier,  the  Teme  and  north-east 
of  the  Castle  at  Downton,  Downton  Castle  inlier,  Mocktree,  and 
near  Onibury  on  the  Craven  Arms  Boad,  the  Onibury  Norton  Lane, 
and  at  Norton.  ^Jlie  paper  closes  with  a  detailed  list  of  fossils 
obtained  by  the  authoresses,  supplemented  by  the  collection  in  the 
Ludlow  Museum. 

2.  "The  Carboniferous  Hocks  at  Bush  (County  Dublin)."  By 
Charles  Alfred  Matley,  D.Sc,  F.G.S.  With  an  Account  of  the 
Faunal  Succession  and  Correlation.  By  Arthur  Vaughan,  B.A., 
D.Sc,  F.G.S. 

Bocks  of  the  Carboniferous  Limestone  Series  are  exposed  along 
5  miles  of  coast  near  Bush,  Loughshinny,  and  Skerries,  in  county 
Dublin.  The  present  paper  deals  only  with  the  beds  near  Bush,  in 
the  southern  portion  of  this  tract,  where  about  2,500  feet  of  the 
series  are  exposed,  without  allowing  for  gaps  in  the  succession.  The 
upward  sequence  is  (on  the  whole)  from  south  to  north,  and  the 
range  is  from  the  Upper  Zaphrentis  to  the  Upper  JDibunophyllum  Zone. 

The  Bush  Slates  are  the  lowest  beds,  1,380  feet  thick,  but 
their  base  is  not  visible.  They  consist  of  black  and  dark-grey,  well- 
cleaved  argillaceous,  and  less  perfectly  cleaved  calcareous,  slates; 
and  they  contain  bands  and  nodules  of  limestone.  The  peculiar 
outcrop  of  some  of  the  limestone  bands  is  described,  and  instances 
of  cataclastic  structure  are  noticed.  The  oharaoteristio  fossil  is 
Zaphrentia  afif.  Fhilltpaii. 

The  Bush  Conglomerate  Group  succeeds  the  Bush  Slates,  after 
a  short  interval  of  passage-beds.  It  is  500  feet  thick,  and  consists 
of  well-bedded  alternations  of  conglomeratic,  pebbly,  and  sandy 
limestones,  with   shales  and  calcareous   flaggy  beds.      Ordovician 
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and  Silurian  rook-fragments  abound  in  them,  together  with  many 
inclusions  of  Carboniferous  Limestone.  The  group  is  shown  to  be 
of  the  same  age  as  the  Pendine  Syringothyris  conglomerate  and 
the  volcanic  rooks  of  Weston-super-Mare,  and  its  existence  indicates- 
that  the  movement  and  disturbance  in  Mid-Avonian  times  extended 
over  a  considerable  area. 

The  beds  above  the  conglomerates  are  mainly  limestones  and 
calcareous  shales.  They  are  thrown  into  numerous  sharp  folds, 
and  are  occasionally  inverted.  The  highest  beds  seen  ( Cyathaxonia 
Beds)  are  correlated  with  the  Eastern  Gower  or  Oystermouth  Lime- 
stone of  the  South- Westeiti  Province ;  but  the  fauna  agrees  still  more 
closely,  and  is  identical,  with  that  of  the  highest  Avonian  beds  of  the 
Midlands  of  England,  at  Parkhill,  Wetton,  Thorpe  Cloud,  etc.  The 
disappearance  by  solution  of  a  considerable  thickness  of  limestone 
is  described. 

A  list  is  given  of  the  fossils  from  a  large  number  of  horizons  in 
the  Rush  Series  (which  is  divided  into  the  Zaphrentis,  Mega8ioma, 
and  Cyathaxonia  Beds),  as  well  as  of  the  fauna  of  the  Curkeeii  Hill 
Limestone,  near  Loughshinny,  the  horizon  of  which  is  assigned  to 
the  Upper  Dibunophyllum  Zone,  probably  below  the  Cyathaxonia  Beds. 

The  palasontological  section  deals  only  with  Brachiopods  and 
Corals.  In  that  part  which  deals  with  the  Brachiopods  the  inter- 
relationship of  the  various  members  of  the  more  important  gentes 
is  discussed  in  considerable  detail.  In  the  part  which  is  devoted  to 
the  Corals  a  new  subgenus  is  suggested,  and  four  new  species  are 
described. 

Professor  G.  F.  Wright,  in  exhibiting  a  map  of  the  Lebanon 
district,  gave  an  interesting  description  of  tbe  evidence  which  he 
found,  in  a  recent  journey  to  that  district,  as  to  the  height  and 
extent  of  the  terminal  moraine.  He  remarked  also  that  the  water- 
level  in  the  Jordan  Valley  stood,  in  comparatively  recent  times, 
7oO  feet  higher  than  at  present,  and  this  he  connected  with  the 
glaciation  of  the  area.  Very  small  climatic  changes  would  bo 
sufficient  to  start  the  Lebanon  Glacier  again. 


II.— January  10th,   1906.— J.   E.  Marr,   So.D.,   F.R.S.,    President, 
in  the  Chair.     The  following  comunmioations  were  read  : — 

1.  "  The  Clay-with-Flints :  its  Origin  and  Distribution."  By 
Alfred  John  Jukes-Browne,  B.A.,  F.G.S. 

Until  recently  the  Clay-with-Flints  has  been  regarded  as  being, 
in  the  main,  a  residue  from  the  slow  solution  of  the  Chalk.  This 
was  the  explanation  proposed  by  Mr.  W.  Whitaker  in  1864, 
although  he  admitted  that  the  deposit  included  some  material 
derived  from  the  Eocene.  Writing  in  1865,  Mr.  T.  Codrington 
thought  that  an  overlying  stratum  of  clay  or  loam  was  essential 
to  the  formation  of  Clay-with-Flints.  Lastly,  Charles  Darwin  in 
1881  seems  to  have  taken  it  for  granted  that  it  was  solely  a  residue 
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from  the  Chalk.  Of  late  years  the  opinion  has  heen  growing  that 
it  consists  very  largely  of  material  derived  from  the  Eocene. 

The  present  paper  is  devoted  to  an  examination  of  the  facts, 
with  the  view  of  ascertaining  whether  the  Olay-with-Fllnts  could 
possibly  be  derived  from  the  Chalk,  or  whether  the  theory  of  its 
derivation  from  the  Eocene  is  confirmed  by  more  detailed  enquiry. 
The  author  first  describes  its  composition,  noting  that  unbroken 
flints  are  not  everywhere  abundant,  that  broken  angular  flints  are 
common,  and  green-coated  flints  are  not  rare ;  finally,  that  if  the 
clay  is  washed  it  always  yields  a  residue  of  sand,  composed  chiefly 
of  rounded  quartz  -  grains  with  some  of  iron  -  oxide,  and  both 
apparently  derived  from  the  Eocene  sands. 

The  thickness  of  the  accumulation  is  next  discussed,  especially 
with  reference  to  sheets  of  it  that  lie  on  fairly  even  floors.  In  such 
positions  it  varies  from  2  to  12  feet  in  depth,  and  large  areas  occur 
where  it  must  have  an  average  depth  of  3  or  4  feet  The  products 
resulting  from  artificial  solution  of  chalk  are  then  considered,  and 
a  series  of  analyses  is  given,  from  which  the  average  amount  of 
insoluble  residue  existing  in  the  four  lower  zones  of  the  Upper 
Chalk  is  deduced.  Experiments  have  been  made  by  Mr.  William 
Hill  to  determine  the  related  weights  of  a  cubic  foot  of  Upper 
Chalk  and  a  cubio  foot  of  Clay-with-Flints,  in  order  that  allowance 
might  be  made  for  the  difference  in  calculating  the  quantity  of  clay 
which  would  be  left  by  the  solution  of  a  given  quantity  of  chalk. 
The  result  shows  that  100  cubic  feet  of  the  Micraster  coranguinum 
Chalk  will  produce  only  1*2  cubic  feet  of  clay,  and  the  solution  of 
the  Marsupites  and  Micraster  coranguinum  Zones  to  the  extent  of 
200  feet  over  any  part  of  the  area  would  only  yield  clay  enough  to 
make  a  layer  2  feet  deep.  Lastly,  it  is  shown  that  the  quantity  of 
flints  in  the  Upper  Chalk  is  so  much  greater  than  the  quantity  of 
clay  that  the  natural  residue  could  not  form  a  Clay-with-Flints. 
Thus,  solution  of  100  feet  of  Micraster  coranguinum  Chalk  would 
yield  a  bed  of  flints  about  7  feet  thick,  and  only  enough  clay  to  fill 
up  the  interstices  between  the  nodules. 

The  next  section  is  devoted  to  the  distribution  of  the  Clay-with- 
Flints,  and  its  stratigraphical  relations  to  the  Chalk  on  the  one  hand 
and  to  the  Eocene  on  the  other.  In  dealing  with  this  part  of  the 
subject,  details  are  restricted  to  the  areas  lying  west  and  north-west 
of  the  London  Basin  and  to  the  wide  area  between  the  London  and 
Hampshire  Basins. 

From  these  several  lines  of  investigation  the  author  concludes  : — 
(1)  That  the  Clay-with-Flints  cannot  have  been  formed  from  mere 
solution  of  the  Upper  Chalk ;  (2)  that  all  its  components,  except 
the  unbroken  and  angular  flints,  could  have  been  furnished  by  the 
lieading  Beds ;  (3)  that  the  positions  occupied  by  it  are  such  that 
no  great  thickness  of  Chalk  can  have  been  destroyed  to  form  it, 
the  tracts  being  seldom  more  than  30  or  40  feet  below  the  local 
plane  of  the  Eocene  base,  or  the  presumed  level  of  that  plane. 

Finally,  an  attempt  is  made  to  explain  the  manner  in  which  the 
Clay-with-Flints  was  formed,  and  the  theory  adopted  is  that  the 
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oatljing  Eocene  tracts,  which  were  in  existence  during  late  Pliocene 
time,  were  broken  ap  and  spread  out  by  the  severe  climatic 
conditions  of  the  Qlacial  Period.  In  post-Glacial  time  little  has 
been  added,  but  much  removed  by  erosion. 

2.  "  On  Footprints  from  the  Permian  of  Mansfield  (Nottingham- 
shire)." By  George  Hiokling,  B.So.  (Communicated  by  Professor 
W.  Boyd  Dawkins,  D.Sc.,  P.R.S.,  F.G.S.) 

These  fossils  were  discovered  in  1897  by  Mr.  Francis  Holmes  in 
the  Rock  Valley  Quarry,  Mansfield,  in  a  local  lenticular  mass  of 
sandstone  intercalated  in  the  Magnesian  Limestone.  The  impressions 
formed  two  double  rows,  approximately  parallel,  and  7  and  2  feet 
long  respectively.  Nearly  the  whole  of  the  longer  series  is  in  the 
Nottingham  Museum,  and  part  of  the  shorter  series  in  the  Manchester 
Museum.  Both  sets  were  made  by  the  same  species  of  animal,  the 
stride  in  one  case  being  8  and  in  the  other  8|  inches.  The  prints 
show  a  well-marked  heel  and  comparatively  slender  digits,  and 
there  is  evidence  of  a  membrane  between  the  toes.  There  is  wide 
separation  between  the  right  and  left  sides,  this  separation  being 
more  marked  in  the  fore  than  in  the  hinder  footprints.  The  prints 
present  some  resemblance  to  those  named  Ichnium  acrodactylum, 
from  the  Upper  Permian  of  Thuringia.  Recently  the  author  has 
found  other  prints  in  the  same  quarry. 


coI^I^Es:po^^x)'^^5^CE. 


THE  ZONE   OF   OSTREA   LUXATA. 

Sir, — I  am  very  gla  1  that  Mr.  Brydone  is  publishing  his  further 
observations  on  the  Chalk  bluffs  of  Trimmingliam,  and  it  is  clear 
they  will  throw  valuable  light  on  the  much  disputed  question  of 
the  manner  in  which  these  masses  were  brought  into  their  present 
positions. 

I  am  sorry,  however,  that  he  should  object  to  my  choice  of 
Ostrea  lunata  as  the  index-fossil  for  the  zone  which  his  previous 
observations  enabled  rae  to  establish  on  a  firm  basis ;  the  more  so 
as  his  reason  for  objecting  to  the  choice  seems  to  me  to  have  little 
force.  He  admits  that  0.  lunata  **  has  two  characteristics  of  an  ideal 
name-fossil  in  that  it  is,  as  far  as  we  know,  almost  confined  to 
the  Trimmingham  Chalk,  and  that  in  that  chalk  it  always  occurs 
abundantly  if  at  all."  He  thinks,  however,  that  "it  fails  to  fulfil 
the  most  important  requirement  for  a  good  zone-fossil  in  that  it  is 
not  distributed  all  through  its  so-called  zone." 

Moreover,  Mr.  Brydone  seems  so  sure  that  0.  lunata  will  not  do 
as  an  index  that  he  proposes  to  rename  the  beds  as  the  "zone  of 
Terebratvlina  gracilis  and  T.  Qisei,^^  in  spite  of  the  most  obvious 
objections.  I  am  therefore  compelled  to  defend  my  choice  of  a  zone- 
name  from  his  attack  upon  it. 

In  the  first  place  I  must  ask  Mr.  Brydone  why  he  asserts  that  the 
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indez-fosBil  of  a  zone  must  be  distributed  *'all  throngh  its  zone," 
and  what  he  means  by  this  expression.  I  am  sure  that  he  does  not 
expect  to  find  the  ohosen  fossil  in  every  foot  of  the  ohalk  whioh 
makes  up  the  zone.  I  suppose,  therefore,  he  means  that  it  ought  to 
occur  at  frequent  intervals  throughout  the  zone,  and  that  tbe  total 
thickness  of  beds  in  which  it  does  occur  should  be  greater  than  that 
of  those  in  which  it  does  not. 

I  greatly  wish  that  fossils  would  occur  in  such  a  well-regulated 
manner,  but  unfortunately  their  behaviour  often  falls  sadly  short  of 
what  we  should  like  it  to  be.  Mr.  Brydone  must  surely  have 
forgotten  that  Marsupiies  is  not  a  common  fossil  throughout  the 
zone  of  which  it  is  accepted  as  the  index.  In  fact,  it  is  common 
only  in  the  Marstipites  band  or  subzone,  and  is  rare  or  absent  in 
the  Uintacrinus  band.  Yet  I  am  not  aware  that  anyone  has  objected 
to  its  being  used  as  the  index-fossil  of  the  zone,  and  I  sincerely  hope 
that  no  such  objection  will  ever  be  taken. 

Again,  has  Mr.  Brydone  considered  the  case  of  the  zone  of  Act, 
quadratus,  where  that  species  (as  now  restricted)  only  occurs  rarely, 
especially  in  the  higher  part  of  the  zone.  It  is  true  that  Mr.  Rowe 
has  proposed  to  take  Offaster  pilula  as  the  index-fossil,  because  it 
is  common  throughout,  but  this  generally  occurs  at  intervals  only, 
being  common  in  spots  or  in  bands  and  rare  or  absent  in  the  inter- 
mediate beds,  just  as  Ostrea  lunata  seems  to  be  absent  from  certain 
beds  in  the  Trimmingham  Chalk. 

From  the  succession  of  beds  given  by  Mr.  Brydone  on  p.  14  of 
this  Magazine,  and  assuming  his  group  3  to  be  identical  with  part 
of  his  group  4,  it  is  seen  that  0.  lunata  occurs  abundantly  at  four 
horizons  in  the  series,  and  that  it  occurs  in  all  three  divisions.  This 
is  quite  sufficient  to  satisfy  all  reasonable  demands  on  any  fossil  for 
qualification  as  the  index  of  a  zone  ;  consequently  I  must  maintain 
the  propriety  of  my  choice,  and  must  object  to  any  other  species 
being  substituted  for  Ostrea  lunata^  unless  a  much  better  reason  can 
be  given  than  that  advanced  by  Mr.  Brydone. 

A.  J.  Jukes-Bbowns. 

Floriston,  Torquay. 


DISCOVERY  OF  EXOOYRA  SINUATA  IN  THE  LOWER  GREENSAND 

OF  CULILVM,  NEAR  OXFORD. 

SiK,  —  It  might  interest  your  readers  to  hear  of  the  finding  of 
a  specimen  of  Exogyra  sinuata  by  Mr.  W.  D.  Hutchinson  and  myself 
in  the  Lower  Greensand  of  Culham,  near  Oxford. 

The  specimen  is  a  large  one,  and  was  found  in  a  bed  of  coarse 
laminated  sandstone,  in  a  neighbourhood  where  the  Greensand  has 
been  cousidered  unfossiliferous.  Clinton  Q.  E.  Dawkins 

(Balliol  College,  Oxford). 

6,  Larkstoxe  Terrace,  Ilfracombe. 
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CHARLES  TOOKEY,  F.I.C.,  F.C.S. 

BoBN  Mat  13,  1828.  Died  Jaxuart  3,  1906. 

Wk  regret  to  record  the  death  of  Charles  Tookey.  He  was  bom 
at  Oddingley  Rectory  in  Worcestershire,  and  educated  at  Bromsgrove 
School;  he  became  a  stadent  at  the  Hoyal  College  of  Chemistry 
in  1851,  and  was  an  assistant  in  the  following  year.  In  1854-6 
he  was  assistant  to  Dr.  Stenhouse  at  St.  Bartholomew's  Hospital, 
and  from  1856  to  1865  assistant  to  Dr.  Percy  at  the  Royal  School 
of  Mines.  During  this  period  he  analysed  examples  of  iron-ore 
from  Sonth  Staffordshire  for  part  2  of  ''The  Iron  Ores  of  Great 
Britain,"  1858  (Mem.  Geological  Survey). 

In  1865  he  was  appointed  Assayer  in  H.M.  Mint  at  Hong  Kong, 
a  post  which  he  relinquished  in  1868.  From  1870  to  1874  he  was 
Assayer,  Chemist,  Superintendent  of  Refinery,  and  Temporary 
Director  at  the  Japanese  Imperial  Mint  at  Osaka.  On  his  return 
to  this  country  he  served  1874-8  as  Chemist  on  the  Admiralty 
Boiler  Committee.  He  was  author  of  papers  ''On  the  Separation 
of  Tin  from  Antimony,  and  on  the  analysis  of  alloys  containing 
Lead,  Tin,  Antimony,  and  Copper"  (1862)  and  "On  the  Manipulation 
of  Assays  of  Gold  and  Silver  Bullion"  (1870),  Journ.  Chem.  Soc. 

We  are  indebted  for  most  of  the  above  particulars  to  the 
"  Register  of  the  Associates  and  Old  Students  of  the  Royal  College 
of  Chemistry,  the  Royal  School  of  Mines,"  etc.,  by  T.  G.  Chambers, 
1897. 
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Retirement  op  Dr.  B.  N.  Peach,  F.R.S. 

In  September  last  Dr.  B.  N.  Peach,  F.R.S.,  retired  from  the 
Geological  Survey  after  a  period  of  43  years  service.  Joining 
the  stafif  in  1862  as  assistant  geologist,  after  a  distinguished  career 
at  the  Royal  School  of  Mines,  he  was  enp^aged  for  the  first  few 
months  in  determining  Carboniferous  fossils  from  the  county  of 
Fife  under  Salter's  supervision  in  the  London  office.  When 
favourable  opportunities  presented  themselves  during  his  subsequent 
career,  be  pursued  this  branch  of  research  with  keen  fascination, 
impelled  by  the  instinct  of  the  naturalist,  which  he  inherited  from 
bis  gifted  father.  In  the  same  year  he  was  attached  to  the  field 
staff  in  Scotland,  then  under  the  direction  of  Sir  Andrew  Ramsay, 
and  in  1867  he  was  appointed  geologist  when  a  separate  staff  was 
organised  for  the  northern  part  of  the  kingdom  under  the  Directorship 
of  Sir  A.  Geikie.  Throughout  his  long  career  it  has  fallen  to  his 
lot  to  take  a  prominent  part  in  mapping  all  the  Pala3ozoic  formations 
in  Scotland,  together  with  large  areas  of  crystalline  schists  of  the 
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Highlands.  In  partioalar,  the  detailed  work  in  the  oomplioated 
region  in  the  west  of  Sutherland  and  Boss  was  carried  out  under  his 
immediate  supervision.  It  is  within  the  mark  to  state  that  no 
geologist  has  acquired  such  a  thorough  mastery  of  the  details  of 
Scottish  geology,  exclusive  of  the  rocks  of  Secondary  and  Tertiary  age. 

In  1879,  after  Mr.  Etheridge,  jun.,  had  joined  the  geological 
department  of  the  British  Museum  under  Dr.  H.  Woodward,  F.B.S., 
Dr.  Peach,  in  addition  to  his  field  duties,  was  appointed  Acting 
Palseontologist  on  the  Scottish  stafif.  He  was  thus  furnished  with 
opportunities  which  he  long  had  in  view.  He  devoted  special 
attention  to  the  PalsBOzoic  Arthropoda,  and  in  addition  to  his  purely 
official  work  he  published  papers  in  the  Transactions  of  the  Royal 
Society,  Edinburgh,  the  Geological  Society,  London,  and  the  Boyal 
Physical  Society,  Edinburgh.  Among  these  papers  we  may  par- 
ticularly mention  those  dealing  with  the  fossil  Scorpions  of  the 
Carboniferous  and  Silurian  rocks  of  Scotland,  and  with  the  fauna 
of  the  Olenellus-zone  of  the  North- West  Highlands.  But  the 
incessant  demands  of  field  work  prevented  him  from  carrying  out 
his  investigations  as  fully  as  he  had  hoped.  At  present  Uiere  are 
about  2,000  specimens  of  the  higher  Crustacea  of  the  Carboniferous 
rocks  of  Scotland  in  the  Geological  Survey  collections,  some  of 
which  have  been  figured  and  described  by  Dr.  Peach.  But  many 
new  forms  are  still  undescribed,  and  in  the  interests  of  Scottish 
geology  it  is  to  be  hoped  that  an  arrangement  will  be  made  whereby 
he  will  be  enabled  to  complete  this  research. 

In  recognition  of  his  eminent  services  to  Scottish  geology,  of  the 
assistance  which  he  has  generously  rendered  to  other  investigators, 
of  his  inspiring  influence  on  the  younger  members  of  the  Survey 
staff  with  whom  he  came  in  contact,  his  many  friends  have  resolved 
to  present  him  with  a  substantial  testimonial,  towards  which  about 
£100  has  been  already  subscribed.  This  testimonial  will  be  pre- 
sented to  Dr.  Peach  at  a  public  dinner  to  be  held  in  Edinburgh  on 
March  30th,  1906. 


CoBBiGSNDA. — We  havc  been  requested  to  state  that,  in  the  article 
on  Professor  T.  McEenny  Hughes  in  the  January  number,  in  the 
list  of  distinguished  students.  Miss  Elles  should  have  been  described 
as  '^  Assistant  Demonstrator  in  the  Geological  Museum,"  instead  of 
"Assistant  to  the  Woodwardian  Professor,"  Mr.  F.  R.  C.  Beed 
having  held  the  latter  post  since  1892.  The  degree  of  D.Sc.  held 
by  Miss  Elles  was  conferred  upon  her  by  the  University  of  Dublin  in 
July  last,  and  upon  Miss  Wood  by  the  University  of  Birmingham  at 
the  same  date.  No  doubt  the  University  of  Cambridge  will,  in  time, 
become  equally  liberal  in  conferring  degrees  upon  women. — Edit. 
Geol.  Mag. 

Ebbatt7h.  —  Mr.  C.  Davies  Sherbom  writes  :  —  Please  correct 
a  misprint  in  Geol.  Mao.,  January,  1906,  p.  34,  nine  lines  from 
bottom ;  I  refer  there  to  Nereitopsis  (the  worm),  after  I'iereia,  not  to 
Neritopsis  (the  mollusc). 
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I. — Thk  Gcolooioal  Histoby  of  South  Africa.^ 

By  Dr.  F.  H.  Hatch,  F.G.S.,  M.I.C.E., 
President  of  the  Geological  Society  of  South  Africa. 

rE  subject  of  this  address  is  a  brief  account  of  the  suooessioD, 
thickness,  and  geological  history  of  the  South  African,  and  more 
eipeoially  of  the  Transvaal,  formations.  The  information  necessary 
for  Boch  an  account  is  of  course  very  incomplete,  but  in  broad  outline 
the  succession  is  now  known,  and  some  speculation  as  to  the  physical 
conditions  that  prevailed  during  the  building  up  of  the  region  may 
perhaps  be  permitted.  I  propose  to  deal  with  the  period  of  the 
geological  history  of  this  country  that  came  to  an  end  with  the  close 
of  Karroo  times.  The  Karroo  period  ends  with  the  Stormberg 
rocks  (Rhsetic),  and  since  that  time  South  Africa  has,  with  the 
exception  of  a  small  coastal  area,  been  a  land  surface,  and  the  rocks 
Have  consequently  been  exposed  uninterruptedly  to  the  forces  of 
denudation. 

1.    Order  of  Superposition  of  the  Stratified  Rocks. 

As  is  well  known,  no  determinable  remains  of  organisms  have 
been  found  in  the  Transvaal  below  the  Karroo  Beds,  and  none 
below  the  Bokkeveld  Beds  in  the  Cape  Colony.  In  the  absence 
of  fossil  evidence,  the  succession  can  only  be  established  by  a  careful 
observation  of  the  order  of  superposition  and  the  lithologioal 
obaracter  of  the  strata.  The  succession  has  already  to  a  great 
extent  been  determined  by  various  workers,  and  the  main  dividing- 
lines  placed  at  the  great  breaks  or  unconformities  that  have  been 
found  to  exist  Thus  we  have,  as  natural  dividing-lines,  five 
great  unconformities,  namely,  that  below  the  Dwyka  Conglomerate 
(which  for  future  reference  we  will  call  Unconformity  No.  V),  that 
below  the  Waterberg  Sandstone  (Unconformity  No.  IV),  that  below 

'  Presidential  Address  delivered  by  Dr.  F.  H.  Hatch  to  the  Geological  Society  of 
^ith  Africa,  29th  January,  1906. 
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the  Black  Reef  Series  (Unoonformity  No.  HE),  that  below  the 
Yentersdorp  System  (Unoonformity  No.  II),  and  that  below  the 
Witwatersrand  System  (Unoonformity  No.  I).  In  r^ard  to  Un« 
conformity  No.  V,  we  have  the  exo^tion  that  in  Southern  Gape 
Oolony  the  Table  Mountain  Sandstone,  whioh  some  of  us  regard 
as  the  representative  of  the  Waterberg  Sandstone,  is  followed 
suooessively  and  in  strict  oonformity  by  the  Bokkeveld,  the 
Witteberg,  and  the  lower  shales  of  the  Dwyka  Series. 

The  following    order    of   superposition  of    the  South  African 
stratified  rocks  may  be  regarded  as  now  fairly  established  : — 


EUBOFBAK 
EaUITALBNTS. 


SOTTTHEBN 

Cape  Coloxt. 


BHiBTIC. 

Pebmo- 
Garboni- 

7BB0U8. 


/  Volcanic  Group. 
\  Cave  Sandstone. 


Transvaal. 


Karroo 


rQ*..»»K^*»    )  Cave  SandetoB 
Stormberg    U^a  Bedfl. 

I  \  Molteno  Beds. 


Beaufort      

Eeca  and  Dwyka    ... 


Capo     fyi*i*''*S 

a^tl^  \  Bokkeveld 

system.  \r^^^^^  Mountain  Sandstone 


Devonian.  " 


Missing. 

Missing. 

=  Ecca  and  Dwyka. 

(No.^ 
Missing. 
Missinff. 
=  Waterberg  Sandstone. 

(No.r 

!  Pretoria  Beds. 
Dolomite  Series. 
Black  Reef  SerisB. 

(No.n 

/  Boulder  Beds,  Volcai 


t  Potchef- 
stroom 
System. 


i«  •••  ••• 


Venters- 
dorp 
System. 


)      Breccias,  KlipriTti 
berg  AmygdaMid,! 


I 


Archjban.     Malmesbury  Series 


Elsburg  ConglomflnJ 
(No.  1 
Witwaters.  j  XT^Witwatenrtti 
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With  the  exception  of  one  or  two  points,  which  I  shall  proceed 
to  deal  with,  the  above  succession  has  found  general  aoceptanoe. 
One  of  the  points  about  which  there  is  some  considerable  differenoe 
of  opinion  is  as  to  how  mach  or  how  little  of  the  Karroo  System 
above  the  Dwyka  Conglomerate  is  represented  in  the  Transvaal. 
The  view  originally  put  forward  was  that  the  ooal-bearing  beds 
of  the  Transvaal  were  a  continuation  of  the  Stormberg  Beds  of  the 
Cape.  This  was  adopted  by  Molengraaff  in  his  first  geological 
reports ;  but  later,  in  the  course  of  a  discussion  as  to  the  age  of  the 
coal  beds  whioh  took  place  in  the  Society  some  two  years  ago,  he 
came  to  the  conclusion  that  our  coal  beds  corresponded  to  the 
Beaufort  Beds.^     Since  then  the  conviction  has  grown  amongst 

^  Molengraaff,  Discussion  on  Dr.  Corstorphine's  paper  <*The  Age  of  the  Central 
South  African  Coalfield  '* :  Trans.  Geol.  Soc.  S.  Afr.,  vol.  vi  (1903),  p.  4d. 
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flome  of  US  that  the  Transvaal  coal  horizon  corresponds  rather  to  the 
Eooa  Beds. 

The  present  Director  of  the  Transvaal  Survey,  however,  has 
adopted  Dr.  Molengraaff's  view  that  the  Ecca  Series  is  not  repre- 
sented at  Yereeniging,  the  Dwyka  Conglomerate  heing  immediately 
followed  by  the  Beaufort  Series  or  Upper  Karroo,  as  he  terms  it.^ 
Bat,  as  militating  against  this  view,  I  would  point  out  that  the 
Transvaal  Coal-measures,  while  containing  plant  remains  that  are 
common  both  to  the  Eooa  and  to  the  Beaufort  Series  (such  as 
Qlossopterig,  Schizoneura,  and  Phyllotheca),  have  also  yielded 
abundant  specimens  of  two  species  which  at  the  Cape  have  only 
been  found  in  the  Ecca  Beds.  I  refer  to  Noeggerathiopiis  Hitlopi, 
which  occurs  both  in  the  Middelburg  Coalfield  (Boschfontein) ' 
and  at  Yereeniging,  and  to  Oangamopterii  cyclopterotdei,  which 
occurs  at  Yereeniging.'  Cardiocarpu»y^  which  is  associated  with 
Gangamopterii  and  Qlosiopterig  in  Ecca  Sandstone  near  Worcester, 
also  occurs  at  Yereeniging.  Moreover,  to  regard  the  Yereeniging 
Beds  as  of  Beaufort  (Upper  Karroo  of  the  Survey)  age  must 
involve  the  assumption  of  a  considerable  unconformity  between 
the  Dwyka  Conglomerate  and  these  beds,  unless  indeed  we  are 
to  believe  that  the  deposition  of  the  glacial  conglomerate  took  place 
at  a  much  later  date  in  the  Transvaal  than  in  the  Cape  Colony. 

A  minor  matter  to  which  the  attention  of  the  Survey  might  be 
drawn  is  the  nomenclature  to  be  adopted  for  the  Karroo  System, 
for  if  the  coal  sandstones  are  to  be  regarded  as  correflponding 
to  the  Beaufort  Beds  of  the  Cape,  then  it  will  be  much  preferable 
to  retain  the  name  of  Middle  Karroo  Series  for  them,  since  the  term 
Upper  Karroo  is  applied  only  to  the  Stormberg  Beds  at  the  Cape. 

Another  diflference  of  opinion  between  the  Survey  and  some  of 
us  exists  as  to  the  unconformity  beneath  the  Witwatersrand  Beds ; 
and  whether  the  latter  form  an  independent  system,  or  are  but 
a  portion  of  a  more  comprehensive  system  in  which  the  granite 
IB  intrusive.  The  Director  of  the  Survey  is  apparently  not  prepared 
at  present  to  admit  that  there  is  in  the  Transvaal  an  oklor  system 
than  the  Witwatersrand.  He  is  not  satisfied  with  the  evidence 
that  has  been  advanced  that  the  Mont  Maro  schists  are  older  than 
the  Witwatersrand,  nor  that  the  Witwatersrand  Beds  are  younger 
than  the  granite  on  which  they  rest.*  In  taking  up  this  position 
he  ignores  the  evidence  as  to  the  relative  age  of  the  granite  and  the 
Witwatersrand  Beds  furnished  by  Dr.  Corstorphine  ®  and  the  late 


*  Kyna^ton,  **  Geology  of  the  Transvaal  and  Oranjje  River  Colony  "  :  Science  in 
South 'Africa  (1905),  p.  298. 

»  Seward:  Q.J.G.S.,  1897,  p.  322. 

*  Fewtmantel,  '*  Uebersichtlicho  Darstellung  der  geologisch  -  pal.uontologisohen 
VerhaltnisRe  Slid  -  afrikas*' :  Abhuudlungeu  d.  kijuigl.  ))ohm.  Gcs.  d.  Wiss., 
Fol^  vii,  Band  3  ;  Prague,  1889. 

*  Seward:  Q.J.G.S.,  1897,  p.  322. 

*  Transraal  Geological  Survey  Report,  1901,  p.  18. 

«  G.  S.  Corst-.^rphine,  *'  The  Geological  Relation  of  the  Old  Granite  to  the  Wit- 
witersrand  Series^* :  Trans.  Geol.  See.  S.  Air.,  vol.  vii  (1904),  pp.  9-12. 
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Mr.  D6rffel.^  Bat  what  is  the  nature  of  the  avidenoe  that  he  wonld 
deem  satisfactoiy  to  establish  the  relation  of  the  Witwatersrand 
Beds  to  the  granite  ?  They  are  seen  in  oontact  at  namerous  places, 
but  nowhere  is  the  latter  found  penetrating  or  sending  off  apophyses 
into  the  former.  Neither  do  the  sediments  show  anywhere  any  sign 
of  oontact  metamorphism.  On  the  contrary,  they  appear  to  have 
been  accumulated  on  an  ancient  granite  floor.  If  the  granite  were 
later  than  and  intrusive  into  the  Witwatersrand  Beds,  surely  some 
evidence  of  this  would  be  forthcoming.  It  is  true  that  Mr.  Kynaston 
does  not  deny  the  possibility  of  an  unconformable  relation,  but  he 
records  the  evidence  as  insufficient. 

Now  this  is  a  question  which  affects  the  mapping  of  thousands 
of  square  miles  of  country ;  it  is  besides  important  to  the  public 
from  a  mining  point  of  view.  I  will  give  an  instance  —  bore- 
holes put  down  by  exploration  companies  through  the  overlying 
covering  of  Karroo  rocks  or  Dolomite  are  invariably  stopped  if  they 
should  reach  the  Granite.  Is  the  doubt  as  to  the  usually  accepted 
relation  of  the  Qranite  to  the  Witwatersrand  Beds  so  strong  in 
Mr.  Eynaston's  mind  that  he  would  advise  the  continuation  of  such 
boreholes  ?  We  unfortunate  geologists  and  mining  engineers,  who 
have  to  take  practical  views  of  such  matters,  are  not  allowed  the 
luxury  of  academic  doubt.  Further,  the  important  question  is 
involved  as  to  the  relation  of  the  Witwatersrand  Banket  to  the 
conglomerates  and  quartzites  that  occur  in  association  with  schistose 
rocks  in  the  Barberton  and  Pietersburg  districts,  and  in  Swaziland 
and  Mashonaland,  a  question  which  has  recently  been  much  dis- 
cussed, owing  to  the  prominence  given  to  the  so-called  banket 
occurrence  at  Lomagunda  in  Hhodesia,  and  its  correlation  with  the 
Witwatersrand  rook.'  I  maintain  that  instead  of  shelving  questions 
like  these,  the  Survey  should  investigate  the  facts,  and  establish 
definitely  the  relation  of  the  Witwatersrand  Beds  to  the  Old 
Granite,  and  the  existence  or  non-existence  of  an  older  system 
of  sedimentary  rocks.  These  are  questions  of  vast  importance  to 
the  mining  industry,  and  call  for  as  early  a  settlement  as  possible. 

While  the  maps  produced  by  the  Survey  are  a  fit  subject  for 
congratulation  there  is  room  for  a  difference  of  opinion  as  to  the 
line  on  which  the  survey  work  should  be  carried  out.  Personally 
I  am  of  the  opinion  that  in  the  present  stage  of  the  development 
of  the  country  the  most  good  would  be  done,  not  by  giving  us 
detailed  maps  (however  excellent  in  themselves)  of  outside  districts, 
but  by  settling  the  large  questions  which  its  Director  holds  still 
require  solution. 

While  on  the  subject  of  the  Survey  I  will  touch  on  another 
question,  of  the  importance  of  which  Mr.  Kynaston  is  as  fully 
cognisant  as  we  are.  The  maps  issued  by  the  Survey  since  its 
reorganisation  in  1902  cover  an  area  of  about  4,100  square  miles. 

1  D.  Dorffel,  ''Note  on  the  Geological  Position  of  the  Basement  Granite": 
Trans.  Geol.  Soc.  S.  Afr.,  vol.  vi  (1903),  pp.  104-105. 

»  F.  P.  Mennell,  "The  Banket  Formation  of  Rhodesia":  Trans.  Geol.  Soc 
S.  Air.,  vol.  \\\\  (1905),  p.  82. 
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This  18  a  yery  creditable  performanoe  considering  .'the  smallnesB  of 
the  8ta£  Bnt  a  simple  computation  will  show  th'titat  this  rate 
«f  progress  some  30  years  will  be  required  to  £hiah'  the  work 
unless  the  staff  be  augmented.  The  importance  of  rapidly  com- 
pleting the  geological  survey  of  a  country,  dependent  ae  ihis  is  for 
its  future  welfare  on  the  development  of  its  mineral  resbi>rces, 
eumot  be  too  strongly  impressed  on  the  authorities ;  -And  to 
aooomplish  it  the  staff  must  be  largely  increased.  I  am  glad 
that  we  can  welcome  an  additional  field  geologist  in  the  persbn 
of  Dr.  W.  A.  Humphrey,  who  has  had  part  of  his  training  m 
South  Africa,  and  we  may  trust  that  this  is  an  augury  of  the 
Government's  recognition  of  the  importance  of  the  work,  and  of 
its  intention  to  carry  it  out  with  the  least  possible  delay. 

I  will  pass  on  now  to  a  consideration  of  the  data  available  for 
deducing  the  thickness  of  the  South  African  formations. 

2.   Thickness  of  the  Strata, 

Since  we  know  neither  the  base  nor  the  summit  of  the  Swaziland 
system  no  estimate  can  be  made  of  the  thickness  of  these  ancient 
rooks,  which  are  partly  of  sedimentary,  partly  of  igneous  origin, 
bat  have  in  both  cases  been  profoundly  modified.  There  can  be 
DO  doubt,  however,  that  they  are  very  thick,  and  that  an  immense 
quantity  of  material  has  been  removed  by  erosion  since  their  first 
upheaval.  Becently,  in  a  paper  read  before  this  Society,  Dr.  Voit  ^ 
has  expressed  the  opinion  that  certain  banded  gneisses  of  the 
Xorthem  Transvaal  should  be  separated  from  the  Swaziland  system 
as  an  older  fundamental  gneiss,  corresponding,  say,  for  instance,  to 
the  Laurentian  rocks  of  Canada  and  the  Lewisian  gneiss  of  Scotland. 
As,  however,  he  describes  no  section  from  which  the  relation  of 
these  gneisses  to  the  remainder  of  the  Swaziland  system  can  be 
inferred,  and  since  it  is  by  no  means  certain  that  these  gneisses 
are  anything  else  than  a  sheared  or  metamorphic  portion  of  the 
granite,  which  in  other  places  is  found  intrusive  in  the  Swaziland 
Beds,  it  must  be  premature  in  the  present  state  of  our  knowledge  to 
attempt  any  such  subdivision. 

With  regard  to  the  Witwatersrand  System,  the  shales  and  qnartzites 
of  the  lower  division  have  on  the  Band  a  thickness  of  12,000  feet ; 
the  upper  division,  if  we  exclude  the  Elsburg  Series,  about  7,000  feet ; 
in  all  about  19,000  feet.  The  necessity  of  separating  the  Elsburg 
Series  from  the  Witwatersrand  Beds,  which  was  advocated  by 
Dr.  Corstorphine  and  myself  in  a  paper  on  the  Geology  of  the 
Bezuidenhout  Valley,  read  before  this  Society,  is  again  shown  by 
fresh  evidence  from  the  Klerksdorp  district,  which  will  be  made 
the  subject  of  a  paper  by  Mr.  Torissen.  This  series  of  conglomerates 
and  quartzites  has  on  the  Band  a  thickness  of  from  3,000  to 
4,000  feet.     I  include  it  with  the  Yentersdorp  System. 

Tlie  thickness  of  the  latter  system,  which  includes  boulder  beds, 
coarse  conglomerates,  volcanic  breccias  and  lavas,  is  very  difficult 

*  F.  W.  Voit,  **  Gneiss  Fbrmation  on  the  Limpopo  "  :  Trans.  Geol.  Soc.  S.  Afr., 
vol.  Tiii  (1905). 
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to  compute.  South  of  the  Rand  the  ElipriverBberg  Amygdaloid  has 
a  thickness  .df.'t^t-  least  4,000  feet,  and  adding  this  to  the  thickness 
of  the  Elsbufg' 'Series,  we  get  a  total  of  7,000  to  8,000  feet  for  the 
thickness*  of  .the  Yentersdorp  System  as  developed  on  the  Rand.^ 

The:*B9tchefstroom  System  presents  difficulties  of  another  kind, 
owingior.tlie  very  variable  thickness  of  its  lower  members,  the  Black 
Seef  •and  the  Dolomite  Series.  In  the  Pretoria  and  Witwatersrand 
districts  the  Black  Reef  Series  is  under  100  feet,  even  sinking  to  as 
.  .little  as  10  to  20  feet,  as  has  been  proved  by  boreholes  on  the  East 
*  .' Jtand ' ;  whereas  at  Pilgrims*  Rest  Mr.  Thord-Gray '  has  recently 
/•.  •••estimated  its  thickness  at  1,800  feet,  while  Mr.  Sawyer*  gives  it  as 
'. '  1,200  feet  at  Chunies  Poort.  The  Dolomite  Series  has  been  estimated 
in  the  Pretoria  district  at  5,000  feet  by  Molengraafif,'  although 
Mr.  Eynaston  considers  it  probable  that  its  thickness  does  not  exceed 
3,000  feet  in  that  district  In  the  Makapan  Mountains  Molengraaff 
puts  it  at  4,000  feet,  near  Godwan  at  1,650  feet,  in  the  vicinity  of 
Ly  den  burg  at  2,600  feet,  and  south  of  the  Witwatersrand  at  2,600 
feet.  Mr.  Thord-Gray  gives  its  thickness  at  Elandsfontein  in  the 
Lydenburg  district  as  3,000  feet,  while  Mr.  Holmes  informs  me  that 
from  careful  measurements  he  has  made  in  the  Marico  district,  where 
the  series  exists  in  very  regular  order  in  the  Dwarsberg,  he  estimates 
the  thickness  of  the  Dolomite  at  as  much  as  7,500  feet,  the  Black 
Beef  Series  being  very  thin  there,  not  more  than  75  feet.  Taking 
the  thicknesses  given  above,  it  would  appear  as  if  where  the  basal 
qnartzites  are  largely  developed,  as  in  the  Lydenburg  district,  the 
Dolomite  suffers  a  corresponding  diminution,  and  where  the  Dolomite 
is  thick  the  Black  Reef  is  poorly  developed.  Together,  the  maximum 
thickness  of  the  two  formations  probably  does  not  exceed  8,000  feet. 
In  Griqualand  West  Messrs.  Rogers  and  Schwarz  have  found  the 
limestone  series,  '<  measured  from  the  quartzites,  below  which  no 
limestone  is  seen,  to  the  lowest  jaspers  or  magnetite  quartzites  of  the 
Griquatown  Beds  (Pretoria  Series),"  to  have  a  thickness  of  5,000 
feet,  while  the  underlying  quartzite  (Black  Reef  Series)  varies  from 
200  to  2,000  feet.« 

The  Pretoria  Series  is  estimated  by  the  Transvaal  Geological 
Survey  to  have  a  thickness  of  not  less  than  10,000  feet.^  Mr.  Holmes 
has  measured  this  series  in  the  Dwarsberg  (Lotteringskop),  and 

»  F.  H.  Hatch  &  G.  S.  Corstorpbine,  **  The  Geology  of  the  Bezuidenhont  Valley 
and  the  District  East  of  Johannesburg'* :  Trans.  Geol.  Soc.  S.  Afr.,  toI.  yU  (1904)^ 
pp.  97-109. 

'  F.  n.  Hatch,  <<  The  Extenflion  of  the  Witwatersrand  Beds  eastward  under  tho 
Dolomite  and  the  Ecca  Series  of  tiie  Southern  Transyaal ":  Trans.  Geol.  Soc.  S.  A£r.» 
vol.  vii(1904),  p.  63. 

*  I.  Thord-Gray,  <'  Notes  on  the  Geology  of  the  Lydenburg  Goldfidds  *' :  Tzans. 
Geol.  Soc.  S.  Afr.,  vol.  viii  (1905),  p.  66. 

*  A.  R.  Sawyer,  "  The  Geology  of  the  Transvaal " :  North  of  England  Inst,  Min. 
Engineers,  1905. 

•  G.  A.  F.  Molengraa£F,  "  Geology  of  the  Transvaal " :  Johannesburg,  1904. 

•  A.  W.  Rogers  &  E.  H.  L.  Schwarz,  **  Geology  of  the  Orange  Eiver  Valley  in 
the  Hopetown  and  Prieska  Districts  '* :  Ann.  Bep.  Geol,  Comm.  Cape  Colony,  1899^ 
p.  80. 

^  Transvaal  Geol.  Surv,  Bep.,  1903,  p.  40. 
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iBforms  me  that  his  figures  work  oat  to  9,900  feet,  which  is  in 
ireiy  close  agreement  with  the  estimate  of  the  Sarrey.  We  have, 
therefore,  a  maximum  aggregate  thickness  for  the  three  members 
of  the  Potchefstroom  System  of  about  18,000  feet 

The  thickness  of  the  Waterberg  Sandstone  has  not  been  measured 
in  any  place  where  there  is  anything  approaching  a  complete 
aeotion.  The  lower  beds,  however,  have  been  carefully  examined  by 
Mr.  Mellor  in  the  Rhenosterkop  area,  and  were  found  by  him  to  have 
a  thickness  of  3,150  feet.^  The  Table  Mountain  Sandstone,  which 
appears  to  be  the  Cape  representative  of  the  Waterberg,^  is  estimated 
by  the  Cape  Survey  to  have  a  thickness  of  5,000  feet,  and  there  can 
be  very  little  doubt  that  the  Waterberg  formation  is  at  least 
S8  thick. 

The  Bokkeveld  Beds,  which  succeed  the  Table  Mountain  Sand- 
stone at  the  Cape,  are  estimated  by  the  Cape  Survey  at  2,500  feet, 
and  the  same  thickness  is  given  to  the  Witteberg  Beds,  making 
a  total  thickness  for  the  Cape  System  of  10,000  feet.  The  Bokkeveld 
and  Witteberg  Series  are,  however,  absent  in  the  Transvaal. 

According  to  Mr.  Eogers,'  the  Karroo  System  has  a  thickness  of 
18,000  feet,  of  which  4,900  feet  is  apportioned  to  the  Dwyka  and 
Eoca  Series,  5,000  feet  to  the  Beaufort  Beds,  and  8,200  feet  to  the 
Stormberg,  4,000  feet  of  the  latter  being  occupied  by  the  voloanio 
group  which  forms  the  summit  of  the  system. 

Sommarising,  we  have  the  following  maximum  thickness  for  the 
South  African  stratified  rooks : — 

Karroo  System      18,000  feet. 

Cape  System  (in  which  is  included  the  Waterberg 
formations,  as  correlative  with  the  Table 

Mountain  Sandstone)            10,000  ,, 

Potchefstroom  System      about  18,000  ,, 

Ventersdorp  System         about  8,000  ,, 

Witwatersrand  System     19,000  ,, 

Excluding  the  Karroo  Beds,  there  remain  some  55,000  feet  of  beds 
(say  10  miles)  lying  below  the  base  of  that  system  and  above  the 
Swaziland  Beds,  or,  in  other  words,  below  the  Permo-Carboniferous 
of  Europe.  When  we  take  into  consideration  the  gaps  represented 
by  four  great  unconformities,  we  see  that  the  *  geological  column ' 
must  necessarily  be  much  greater  than  this  total,  since  no  allowance 
is  made  for  the  losses  due  to  denudation.  It  probably  embraces  the 
period  of  time  covered  by  the  Devonian,  Silurian,  Ordovician,  and 
Cambrian  Systems  of  the  European  classification. 

Unfortunately,  no  correlation  with  the  European  formations  is  at 
present  possible,  on  account  of  the  complete  absence  of  fossils  in  all 
the  South  African  formations  below  the  Bokkeveld  (Devonian) 
Beds.^     But  we  need  not  despair  of  finding  organic  remains  in  some 

^  TransTaal  Geol.  Surv.  Rep.,  1904. 

»  F.  H.  Hatch  &  G.  S.  Coretorphine :  "  The  Geology  of  South  Africa,"  p.  309  ; 
London,  1905. 

»  A.  W.  Rogers:  **  The  Geology  of  Cape  Colony,"  p.  147 ;  London,  1906. 

*  Qaite  recently  some  lamellibianoh  remains  haye  heen  found  by  the  Cape  Surrey 
in  the  Table  Mountain  Sandstone,  but  have  not  yet  been  determined. 
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of  these  formations,  when  we  remember  the  patient  search  that  has 
been  necessary  in  Europe  in  order  to  obtain  fossil  evidence  for  the 
age  of  important  formations.  Rogers  ^  instances  the  work  done  in 
the  north  of  Devonshire  by  two  generations  of  geologists  before  the 
Morte  slates  were  found  to  be  fossiliferous.  We  may  still  hope  that 
some  of  our  more  promising  shales  and  limestones  will  yet  yield 
paleeontological  evidence  which  will  enable  them  to  be  correlated 
with  the  classic  systems  of  Europe. 

{To  be  concluded  in  our  next  ntimher,) 
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OP  Portugal.' 

By  ProfesBor  Edward  Hull,  LL.D.,  F.R.S.,  F.G.S. 

AEECENT  visit  to  Portugal  has  given  me  an  opportunity  of  seeing 
the  geological  features  of  the  neighbourhood  of  Lisbon  and 
the  Lower  Tagus ;  and  though  of  a  somewhat  cursory  nature  I  venture 
to  bring  them  before  the  Society,  being  supplemented  by  reference 
to  the  investigations  of  previous  observers,  and  a  study  of  the 
excellent  geological  maps  which  are  in  the  library  of  this  Society. 
I  make  no  pretension  to  be  an  original  explorer,  but  I  hope  to  be  able 
to  show  that  there  is  a  very  interestiug  physical  history,  not  hitherto 
written  so  far  as  I  am  able  to  discover,  bringing  down  the  account  of 
the  changes  which  have  taken  place  from  the  Cretaceous  period  to  the 
Becent,  or  Quaternary,  epoch. 

In  addition  to  my  own  observations  I  have  relied  for  the  neoessary 
data  for  this  paper  on  the  geological  maps  of  Portugal/  together 
with  the  papers  of  the  late  Mr.  Daniel  Sharpe  ^  and  of  Mr.  Smith  * 
of  Jordan  Hill,  which  sufficiently  put  us  in  possession  of  the 
materials  for  an  historical  sketch  of  the  remarkable  physical  changes 
which  the  Iberian  Peninsula  has  undergone,  at  least  along  its 
western  margin,  in  Tertiary  and  still  more  recent  times. 

Qeologtcal  Formations, 

The  formations  bordering  the  lower  banks  of  the  Tagus  near 
Lisbon  are  arranged  by  Sharpe  in  the  following  order  of  succession : — 

Mr,  D,  Sharpens  Classification. 

1.  Upper  Tertiary  Sands,  etc. 

2.  Almada  Beds  (Marine). 

S.  Lower  Tertiary  Conglomerate. 
4.  Hippurite  Limestone  (Cretaceous). 

»  »*  Geology  of  Cape  Colony,"  p.  114 ;  London,  1905. 

'  Head  before  the  Geological  Society,  December  6tli,  1905. 

'  **  Carta  Geologica  de  Portugal,"  ed.  by  Carlos  Riberio  &  J.  F.  N.  Delgtdo 
(1876) ;  *'  Mapa  Geologico  de  Espana  y  Portugal,''  by  D.  F.  de  Botella  (1879). 

*  •*  On  the  Geology  of  Lisbon  *^  Trans.  Geol.  Soc,  ser.  n  (1839),  and  Q.J.G.S., 
vol.  vi,  p.  134  (1850). 

6  <<  On  the  Age  of  the  Tertiary  Beds  of  the  Tagus  " :  Q.J.G.S.,  vol.  iii,  p.  410 
(1847). 
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In  tlie  Legekda  of  the  Geological  Map  of  Portugal  the  Bnooesrion 
does  not  materiallj  differ  from  the  above,  and  is  as  follows  : — 

{Moderno  e  qnatemario  (alluvial). 
Lacustre  superior. 
Marino  (Al^a  Beds). 
Lacustre  inferior. 

Cretaceo  \  ^^Y^^^  (Hippurite  Limestone). 

DeBcription, 

The  Upper  Tertiary  (Lacustre  superior)  consists  of  fine  white, 
jellow,  and  red  sands,  with  thin  layers  of  rolled  pebbles,  nearly 
horizontal  and  100  feet  in  thickness,  resting  on  150  feet  of  coarse 
ferruginous  sands  and  gpiuvel;  no  organic  remains  have  been 
observed  in  these  beds ;  but  at  a  locality  15  miles  from  Yerdelha,  on  the 
north  bank  of  the  Tagus,  the  hills  rising  about  200  feet  above  the  sea 
consist  of  brown  marl  and  soft  rubbly  limestone  containing  Lymnma 
hk^Ueata  (Sow.),  and  have  been  traced  from  Cartaxo  to  Santarem. 
These  are  probably  the  uppermost  beds  of  the  lacustrine  series,  and 
overlie  the  sands  and  gravels  previously  described. 

At  Yilla  Franca  a  bed  of  marl  occurs  50  feet  above  the  Tagus 
with  Latraria  eompresia,  and  near  Yilla  Nova  da  Kainha  the  same 
shell  occurs  with  Cardium  edule,  both  now  living  in  the  estuary  of 
the  Tagus  near  Lisbon ;  so  that,  as  Sharpe  observes,  it  is  evident 
that  this  part  of  the  country  has  been  upheaved  at  least  50  feet 
Vitbin  a  comparatively  recent  period.*  The  occurrence  of  these 
shells  indicates,  as  it  seems  to  the  writer,  a  local  intrusion  of  the 
sea-waters  at  an  early  stage  of  the  "  Lacustrine  "  period. 

The  Almada  Beds  (Miocene). 

These  beds  are  so  named  by  Sharpe  from  the  promontory  on  the 
south  bank  of  the  Tagus,  opposite  the  city  of  Lisbon,  where  they 
sre  well  shown  in  the  sea  cliflF.  They  consist  of  marls  and  lime- 
stones rich  in  marine  fossils,  and  are  considered  by  Smith  to  be 
of  Older  Miocene  age.  Of  the  124  species  determined,  20  are  new 
and  peculiar,  and  are  figured  and  described  by  G.  B.  Sowerby,* 
ol  occur  in  the  Older  Miocene  beds  of  Bordeaux,  17  in  the  Falunes 
ofTouraine,  15  in  the  sub-Apennine  beds,  8  in  the  Eocene  of  the 
London  and  Paris  Basins,  and  35  are  recent.  Their  claim  to  be 
^ferable  to  the  Miocene  stage  is  thus  clearly  established.  At  Lisbon 
they  rest  unconformably  on  the  Cretaceous  Limestone.' 

Pliocene  Beds  not  represented. 

It  will  be  observed  that  the  "  Almada  Beds  "  of  Miocene  age  are 
^mediately  succeeded  by  those  denoted  on  the  Geological  Map  of 
^Portugal  as  **  Lacustre  superior,"  and  by  Sharpe  called  "  Upper 
tertiary  Sands,  etc."     The  relative  position  of  these  sands  to  the 

j  Sharpe,  ibid.,  p.  138. 

Jame9  Smith,  supra  cit.,  pp.  410-423. 
'  Tlie  Almada  Beds  rest  on  tae  sands  and  gravels  called  **  Lacustre  inferior,'*  but 
^  they  are  unfossiliferous  their  geological  age  is  obscure  or  unknown. 
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underlying  **  Almada  Beds  "  in  the  neighbourhood  of  Lisbon  is  Tery 
dearly  shown  in  Uie  sections  accompanying  Mr.  Sharpe*8  paper; 
for,  while  the  Almada  Beds  are  inclined  at  angles  varying  from 
10"^  to  15'\  the  Upper  Sands  are  well-nigh  horizontaL  In  addition 
to  tins  the  Almada  Beds  have  been  faulted  and  denuded,  and 
•ubjoottHl  to  disturbances  which  do  not  affect  the  Upper  Lacustrine 
Sands.  All  these  phenomena  go  to  indicate  absolute  disconnection 
betw^m  the  two  formations,  a  disconnection  which  in  time  would 
in  other  districts  have  been  filled  up  by  the  Pliocene  beds,  but 
which  ar«  hero  altogether  absent  from  their  place  in  the  geological 
«^Mk      'llie  cause  of  this  lacuna  I  hope  to  be  able  to  explain 

The  Sub' Oceanic  Extension  of  the  Tagus. 

Wh^u  a  few  years  since  I  was  endeavouring  to  determine  by  the 
Md  v^f  the  soundings  on  the  Admiralty  Charts  the  physical  features 
\xf  the  land  areas  now  covered  by  the  waters  of  the  Eastern  Atlantic, 
I  wii»  onnbled  to  show  that  the  principal  rivers  of  Western  Europe, 
i^iul  partly  of  Africa,  were  continued  across  the  continental  platform 
to  );rt'!it  depths  and  various  distances  under  the  ocean  from  their 
pr^ck^nt  outlets.  Amongst  these  the  sub-oceanic  Tagus  was  one  of 
the  best  developed,  and  can  be  well  delineated  owing  to  the  large 
number  of  soundings  off  the  coast  of  Portugal.  The  isobathic 
ixuitours  are  perfectly  clear,  as  will  be  seen  from  the  photographic 
»Udes,  together  with  those  of  the  Adour  in  the  north  of  Spain  and 
the  Congo  on  the  coast  of  Africa.^  In  reference  to  the  sub-oceanic 
oaiion  of  the  Adour,  I  may  mention  that  Dr.  Nansen,  who  in 
northern  latitudes  has  studied  these  physical  features,  has  stateil 
that  it  is  impossible  to  suppose  that  it  can  be  anything  else  than 
a  drowned  river  valley.* 

I  do  not  intend  to  go  farther  into  the  question  of  these  submerged 
valleys,  except  as  they  are  connected  with  the  geological  history  of 
the  Tagus  valley.  Their  existence  is  clearly  due  to  river  erosion, 
inasmuch  as  they  could  not  have  been  formed  under  the  ocean- 
waters  themselves.  The  question  we  are  here  concerned  with  is- 
the  determination  of  the  geological  period  of  their  formation.  The 
conditions  must  have  been  those  of  great  land  elevation  affecting 
the  ocean-bed  and  adjoining  lands.  That  they  are  not  of  great 
geological  antiquity  is  shown  by  the  fact  that  the  rivers  with 
which  they  were  continuous  are  geologically  modem,  more  modem 
indeed  than  the  Chalk,  and,  in  this  district,  than  the  Miocene, 
which,  as  shown  above,  is  a  marine  deposit. 

Pliocene  Elevation, 

It  is  to  the  Pliocene  and  post-Pliocene  epochs  that  we  must  therefore 
refer  that  great  land-uprise  which  would  be  necessary  for  the  erosion 

1  These  photo^apbic  pictures  were  then  exhibited,  but  hare  already  been  described 
in  the  Trans.  Vict.  iDst.,  vols,  xxxi  and  xxxii. 
s  Nansen,   <*  Bathymetrical  Features  of  the  North  Polar  Seas,  etc.,"  p.  96 
■6). 
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of  these  river-yalleys,  and  owing  to  which  there  was  no  deposition 
of  strata  under  the  ocean.  To  this  caase  I  venture  to  attribute  the 
ibsenoe  of  representatives  of  the  Pliocene  formation  in  Portugal ;. 
as,  indeed^  is  the  case  with  other  parts  of  the  Continent  and  the 
western  areas  of  the  British  Isles. 

From  the  above  considerations  it  will  be  seen  that  between  the 
''Upper  Tertiary  Sands"  of  Sharps  (or  the  ''Lacustre  superior"  of 
die  Geological  Survey)  and  the  marine  ''Almada  Beds"  there  is 
no  physical  connection.  As  regards  periods  of  formation,  they  are 
nparated  by  the  whole  of  the  Pliocene  and  probably  post-Pliocene 
periods,  as  already  stated.  It  is  therefore  necessary  to  revise  the 
olassification  of  the  post-Cretaceous  series  of  the  authors  above 
quoted,  and  I  therefore  venture  to  substitute  for  these  the  following 
snangement  of  the  beds. 

Bevised  Claasifieatton. 

!1.  Becent  and  Quaternary.  Alluyia  of  the  valley  and  estuary  of 

the  Tafi;u8. 
2.  Lacustrine.  Marls  vdin  Zj/mnaa,  sands  and  gravel. 

8.  Post-Pliucene  and  Pliocene.    Not  represented  unless  by  some  land- 
glacial  beds  due  to  elevation. 

4.  Miocene.  Almada  Beds,  calcareous  marls  and 

limestones  with  marine  fossils. 

5.  Eocene  (?)•  XJnfosailiferous    sands    and    gravels 

(Lacustre  inferior)  of  doubtful  age. 

(WtMeoos      6.  Upper.  Hippurite  Limestone. 


Tcdiiiy 


Personal, 

When  observing  the  sections  of  strata,  along  the  line  of  the 
milway  for  several  miles  between  Carlaxo  and  Abrantes,  consisting 
of  white,  yellow,  and  red  laminated  eands,  with  lines  of  rolled 
pebbles,  horizontally  stratified,  and  extending  to  a  height  of  150  to 
300  feet  above  the  river,  it  became  evident  that  these  beds  could 
not  have  been  deposited  by  the  river  itself;  and  I  arrived  at  the 
oonclusion  that  they  must  have  formed  the  bed  of  an  extensive  lake. 
I  was  therefore  anxious  to  ascertain  whether  my  conclusion  was 
borne  out  by  the  Geological  Survey  Map  of  Portugal.  It  was 
therefore  with  great  satisfaction  that  on  consulting  the  maps  I  found 
that  these  beds  were  included  under  the  term  ^'  Lacustre  superior." 
They  are  specially  coloured,  and,  according  to  Sharpe,  cover  an 
area  of  "2,000  to  3,000  square  miles."  ^  On  crossing  the  Tagus 
at  Praia  we  find  the  country  formed  of  extensive  plains  of  gravel, 
from  which  at  Das  Vargans  and  Cunheira  the  bed-rock  of  granite 
emerges  and  the  gravel  aud  sand  cease ;  this  limit  of  the  lacustrine 
beds  probably  corresponds  very  nearly  with  that  of  the  original 
waters  of  the  lake  itself.  To  this  point  of  the  limit  of  the  lake  it  is 
now  necessary  to  direct  our  attention  for  a  brief  space. 

1  Supra  cit.,  p.  138. 
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The  LimiU  of  the  Pleistocene  Lake  of  PortugdL 

In  dealing  with  this  question  I  have  to  be  guided  by  the  Geological 
Map  of  Portugal,  on  which  is  represented  the  area  of  the  "  Lacustre 
superior  "  beds  by  a  light-yellowish  tint  Thus  guided,  the  margin 
of  the  lake  stretched  along  the  banks  of  the  Tagus  from  Cartaxo  to 
Abrantes;  then  turning  southwards  it  stretched  to  Alvalladcy  and 
thence  to  the  Atlantic  coast  and  the  mouth  of  the  Tagus.  Over 
this  area  the  lacustrine  beds  rest  directly  on  the  granitic  rookSy 
or  on  the  supposed  << Lower  Lacustrine"  beds  (Lacustre  inferior), 
the  Miocene  beds  being  absent ;  they  have  therefore  no  connection 
with  the  upper  lacustrine  deposits  with  which  we  are  dealing.  The 
margin  of  these  deposits  is,  according  to  the  map,  much  indented 
along  the  river-valleys  flowing  towards  the  west,  and  showing  that 
they  have  been  considerably  denuded  during  the  rising  of  the  land 
which  took  place  subsequently,  and  to  which  is  owing  the  drainage 
of  the  lake  itself. 

During  the  period  of  depression  in  which  the  waters  of  the  lake 
accumulated,  it  would  appear  that  the  general  level  of  its  bed  was 
nearly  that  of  the  outer  sea,  and  that  the  sea-waters  gained  access 
occasionally  during  the  earlier  stage  of  its  formation,  owing  to 
which  (as  already  stated)  some  marine  molluscs  gained  access. 
The  magnificent  harbour  of  Lisbon  doubtless  formed  a  portion  of 
the  lake,  and  the  narrow  channel  by  which  it  is  connected  with  the 
ocean  may  be  regarded  as  the  unsubmerged  portion  of  the  great 
sub'Oceanic  canon  which  carried  the  waters  for  about  fifty  miles 
beyond  its  present  outlet.  On  the  final  uprise  of  the  land  to  its 
present  level  the  channel  of  the  river  was  deepened,  and  the  waters 
of  the  lake  were  drained  off;  and  thus  the  great  river  which  filled 
the  basin  afterwards  became  the  agent  by  which  it  was  ultimately 
drained. 

Such  appears  to  have  been  the  physical  changes  coming  down 
into  recent  times  which  have  brought  about  the  present  conditions 
of  land  and  sea  in  the  western  part  of  the  Iberian  Peninsula. 

Glacial  Conditions  in  Pliocene  Times  in  Portugal 

In  connection  with  the  Pliocene  elevation  here  postulated,  it  is 
interesting  to  observe  that  it  was  concurrent  with  extensive  glacial 
conditions  in  the  western  portion  of  the  Iberian  Peninsula.  It  has 
long  been  known  that  the  glaciers  of  the  Pyrenees,  like  those  of  the 
Alps,  extended  far  beyond  their  present  limits  in.  the  Glacial  period, 
but  it  is  not  so  generally  known  that  Portugal  was  the  seat  of 
extensive  glacial  conditions.  This,  however,  was  the  case ;  and 
according  to  the  views  of  Sgr.  Delgado,  the  Director  of  the 
Portuguese  Geological  Survey,  than  whom  there  is  no  higher 
authority,  these  conditions  commenced  with  the  Pliocene  epoch, 
gradually  giving  way  to  one  of  progressive  refrigeration  of  the 
climate,  accompanied  by  an  invasion  of  glacial  ice  descending  from 
the  mountain  chain  of  the  Serra  d'Estrella.    This  chain,  commencing 
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A  Garda,  ranges  in  a  south-west  direction  through  the  centre  of 
Portngaly  attaining  a  height  of  6,589  feet,  and  was,  in  all  prohability, 
the  most  important  axis  of  glacial  dispersion    during  the  post- 
Pliocene  period.     Of  the  great  extent  of  glaoier-ice  both  to  the 
north  of  the  Serra,  where  it  invaded  the  affluents  of  the  Mondego, 
as  well  as  the  regions  to  the  south  towards  the  valley  of  the  Tagus, 
there  can  be  no  doubt  since   the    publication  of    M.   Delgado's 
elaborate    memoir,^    following    on    that    of    his    late    colleague, 
H.  Frederico  A.  de  Yasconceilos,'  both  beautifully  illustrated  by 
photc^raphio    plates,    recalling    all    the    familiar    phenomena    of 
mountainous  regions  from  which  the  glaciers  have  disappeared. 
According  to  Delgado  there  were  two  glacial  stages  separated  by 
ta  interglacial  one  (''La  phase  interglaciaire"),  corresponding  to 
those  which,  in  company  with  some  British  geologists,  I  have  long 
held  as  having  occurred  in  the  British  Isles.     The  most  important 
point  to  be  noticed  is  the  occurrence  of  these  glacial  phenomena 
at  an  epoch  corresponding  to  that  of  the  elevation  of  the  land  and 
the  erosion  of  the  now  submerged  valley  of  the  Tagus.     If  there 
are  any  geologists   who   regard    this    concurrence    of    events  as 
accidental  I  am  unable  to  agree  with  them.     To  the  mind  of  myself, 
and  a  goodly  number  of  other  physicists  both  in   Britain  and 
America,^  the  glacial  conditions  are  the  direct  result  of  the  land 
elevation,  for  the  simple  reason  that  altitude  above  the  sea-level 
IB  the  governing  factor,  though  not  the  only  one,  in  the  occurrence 
of  warm  and  cold  temperatures  in  all  parts  of  the  globe,  even  in 
equatorial   regions.      If  the   surface   of   Portugal    was   sufficiently 
elevated  to  allow  of  the  erosion  of  the  Tagus  out  to  a  distance  from 
the  coast  of  55  miles,  and  to  a  depth  of  over  7,000  feet  from  the 
surface  of   the  ocean,*   we  have  the  measure   of  the   elevation  of 
the  land  at  the  Glacial  period.     Adding,  therefore,  the  depth  of  the 
submerged  canon  (7,200  feet)  to  the  present  elevation  of  the  Serra 
d'Estrella  (G,539  feet),  we  have  as  the  result  a  mountain  13,739  feet 
high,  a  height  sufficient,  notwithstanding  its  latitude,  to  give  rise 
to  a  system   of  glacial   dispersion   and   erosion,    to   some  degree, 
comparable  with  that  of  the  Alps  at  the  present  day.     I  now  feel 
satisfied  that,  on  observing  the  forms  of  the  granite  masses  as  they 
emerged  from  beneath  the  lacustrine  gravels  towards  the  Portuguese 
frontier,  I  was  not  mistaken  in  recognising  them  as  ice- worn  surfaces. 

^  "  Note  sur  I'Existence  d*anciens  Glaciers  dans  la  Vallec  du  Monde^o,"  par 
J"  P.  Nerv  Delgado,  eitr.  des  Communicadues  da  Direc.  dos  Tratidhos  Geologicos, 
tomeiii  ( 1*895) . 

-Ibid.,  tome  i,  p.  189  (1887). 

*  See  I*rofe:*sor  J.  W.  Si)€iicer  on  **  Professor  Hull's  Sub-oceanic  Terraces,  etc.,*' 
*  review,  American  Geologistj  vol.  xxxv  (March,  1905). 

*  Trans.  Vict.  Inst.,  vol.  ixxi,  p.  284,  footnote. 
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IIL^Om  a  CoLLsonoN  of  Fossil  Cobalb  fbox  Eastsrh  Ec 

Abu  Boabh,  and  Sinai. 

By  J.  W.  Grsoo&t,  D.Sc.,  F.R.8.,  F.G.S., 

Professor  of  Geology,  Glasgow  UniTenity. 

(PLATES  VI  AND  VIIJ) 
{Concluded  from  the  February  Number,  p,  58.) 

ni.  PIEISTOCEirE. 

SYMPHYLLIA,  Edwards  &  Haime,  1848. 

Symphtllia  ebtthbaoba  (Kianz.),  1879. 

ItophyUia  nythraceaf  Elunzinger,  1879:  Eorallth.  roth.  Meer.,  pt.  iii,  p.  10, 

rfg:.  10  ;  pi.  ix,  fig.  9. 
SymphyUia  nythraeea,  Gregory,  1898,  Egypt.  Foss.  Madreporaria :   Geol.  ' 

Dec.  IV,  Vol.  V,  p.  242. 

Distribution, — Recent:  Bed  Sea  (Klunzinger).  Pleistocene,  fc 
?  Jebel  Zeit  (Gregory,  1898) ;  also  Old  Beach,  Camp  7 ;  Wadi  Bi 
Eastern  Egypt     No.  J  1789. 

STYLOPHORA,  Schweigger,  1819. 
1.   Sttlophoba  blongata  (Lamarck),  1816. 

JPOritee  eJongata,  Lamarck,  1816 :  Hist.  nat.  Anim.  sans  Vert.,  vol.  ii,  p.  271. 
Stylophora  elonaata,  Klunzinger,  1879 :  Eorallenth.  roth.  Meer.,  pt.  ii,  p.  64,  ] 
fig.  14  ;  pi.  Tiii,  fig.  19. 

Six  fragments  and  a  slide  cut  from  one  of  them  (No.  J  21 
collected  by  Mr.  Barron  on  the  coastal  plain  between  Bas  J* 
and  Jebel  Zeit,  agree  in  all  characters  with  this  species,  whi( 
clearly  very  closely  allied  to  8,  pistillata  (Esper),  the  common 
Sea  form. 

Eight  worn  fragments,  J  2186,  from  the  raised  beach,  eaf 
Jebel  Esh,  belong  to  the  same  species. 

2.   Sttlophoba  cf.  palmata  (Blainville),  1830. 

Sideropora  palmatay  BlainTille,  1830:  Diet.  Sci.  nat.,  vol.  Ix,  p.  360. 
Stylophora  palmata,  Edwards  &  Haime,  1850  \  Ann.  Sci.  nat.,  ser.  lu,  vol.  xiii,  p 

THstrihution,  —  Becent :  Bed  Sea  and  Indian  Ocean.  F( 
Pleistocene :  380  feet  above  sea-level,  near  Camp  8  in  Wadi  Shi 

There  are  two  limestone  specimens,  which  bear  surface  cast 
a   Stylophotaj  which  are  probably  8.  palmata,   but  they  are 
sufficiently  well  preserved  for  certain  identification.      ITiey  ' 
collected  by  Mr.  Barron,  380  feet  above  the  sea,  near  Camp 
Wadi  Abu  Shigeli.    J  1667. 

CGSLOBIA,  Edwards  &  Haime,  1848. 

C(ELOBiA  LAMELLiNA  (Ehrenbcrg),  1834. 

Platygyra  lamellina,  Ehrenberg,  1834,  Beit.  Corallenth.  roth.  Meer. :  Abh.  k. . 

Wiss.  Berlin  fUr  1832,  p.  323. 
CcBloria  lamellina,  Edwards  &  Haime,  1851 :  Pol.  foss.  Terr,  paltcoz.,  p.  93  ; 

Hist.  nat.  Cor.,  vol.  ii^  p.  416. 

1  [By  an  error  of  the  binder,  both  Plates  VI  and  VII  appeared  in  the  Fel 
Number  with  the  first  part  of  this  paper. — ^Edit.  Geol.  Mao.] 
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ikkria  ehrmUrgUma,  Edwards  &  Haime,  1849:  Ann.  Sd.  nat.,  ser.  in,  yoI.  zi, 

p.  296. 
lUiypyra  lahyrinihi^f  Tar.  Upiochila^  Ehrenbere,  1834:  op.  cit.,  p.  323. 
(ktkria  labyrwthifortmt,  Haeekel,  1876:  Arab.  Karall.,  pi.  ii,  fig.  4. 
CmUriafortkaliana,  Edwards  &  Haime,  1849:  op.  cit.,  p.  296. 
(hloriafortkalanaf  Edwards  &  Haime,  1851 :  op.  cit.,  p.  93  ;    1857,  op.  cit.,  p.  414. 
Gtloria  dottiB,  Edwards  &  Haime,  1849 :  op.  cit.,  p.  295 ;  1851,  op.  cit.,  p.  93  ; 

1857,  op.  cit.,  p.  414. 
Caloria  mM^toto,  Edwards  &  Haime,  1849 :  op.  cit.,  p.  296  ;  1857,  op.  cit.,  p.  413. 
(kloria  arabiea^  Klonzinger,  1879:    Eorallentn.  roth.  Meer.,  pt.  iii,  p.  17,  pi.  ii, 

figs«  1,  2,  3,  8 ;  pi.  ix,  figs.  10a-«. 

The  best  speoimen  in  the  oollection  is  a  large,  massive  block 
(J  1578),  which  I  refer  to  var.  triangularis,  Elanz.,  but  it  is  so 
eroded  that  the  oalices  are  destroyed,  and  the  depth  of  the  oalicular 
farrows  gives  it  some  resemblance  to  var.  leptoehila,  Ehr. 

Klunzinger  renamed  the  common  Red  Sea  Coeloria  C.  ardbica, 
though  there  are  several  names  with  prior  right,  and  I  have, 
therefore,  adopted  the  oldest  of  them. 

The  specimens  referable  to  C.  lamellina  are : — 
J  1578,  a  large  specimen  of  var.  iriangtdariB,  Elunz. :  raised  beach, 
Camp   4,  80  feet  above  the   sea,    Wadi   Hamrawein,  near 
Qosseir. 
J  2115,  a  specimen  of  var.  triangularis,  Elunz. :  lower  raised  beach, 

north  of  Qosseir. 
J  2234,  a  specimen  of  var.  suhdentata,  Ed.  &  H. :  raised  beach,  east 

of  Gharib. 
J  2231,  a  specimen  of  var.  lejytochila  (Ehr.)  :  raised  beach,  east  of 

Gharib. 
K  1630,  a  specimen  of  the  typical  form  :  raised  beach,  80  feet  above 
sea-level,  Wadi  Gueh,  Qosseir. 

FA  VIA,  Oken,  1815. 
1.    Favia  lobata  (Edwards  &  Haime),  1850. 

Parastraa  lobntaj  Edwards  k  Haime,  18r>0 :  Ann.  Sci.  nat.,  ser.  iii,  vol.  xii,  p.  171. 
fdfia  lobata^  Edwanls  k  Haime,  1857  :  Hist.  iiat.  Cor.,  vol.  ii,  p.  434,  ])1.  d  S,  fin^.  3. 
Favia  lobata,  Klunzinger,  1879 :   Korallenth.  r(»th.  Meer.,  pt.  iii,  p.  31,  pi.  iii,  fig.  9  ; 
pi.  X,  fig.  8. 

Distrihutian,  —  Recent :  Red  Sea.  Fossil,  Pleistocene :  raised 
beach,  Camp  4,  Wadi  Hamrawein,  near  Qosseir,  K  1633  ;  lower 
raised  beach,  north  of  Qosseir,  J  2143. 

2.  Favia  ehrenbebgi,  Klunzinger,  1879,  var.  sulcata,  Klunz. 
Korallenth.  roth.  Meer.,  pt.  iii,  p.  29,  pi.  iii,  tigs.  5,  8. 

Distribution.  —  Recent :  Red  Sea.  Fossil,  Pleistocene :  raised 
beach,  Camp  6,  northern  Wadi  Queh,  K  1577. 

Some  corallites  of  the  Favia  ehrenhergi  type  in  a  corallum  of 
Ooniastraa  pectinata,  J  1819  (see  PI.  VII,  Fig.  14). 

GONIASTRiEA,  Edwards  &  Haime,  1848. 
1.    GoNiASTR^A  BETiFORMis  (Lamarck,  1816). 

Aitraa  retiformis,  Lamarck,  1816:  Anim.  sans  Vert.,  vol.  ii,  p.  265. 
OmxMtrcea  retiformU,  Edwards  &  Haime,  1850:   Ann.  Sci.  nat.,  ser.  iii,  vol.  xii, 
p.  161. 
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Ooniastraa  retiformiSf  Klunzinger,  1879:   Eorallenth.  roth.  Meer.,  pt.  iii,  p.  36^, 
pi.  iy,  fig.  6. 

Distribution.  —  Beoent :  Bed  Sea,  Indian  and  Paoifio  Oceans. 
Fossil,  Egypt :  raised  beach,  50  feet  above  sea-level,  Jemsa,  J  2032 ; 
lower  raised  beach,  north  of  Qosseir,  J  2118;  raised  beach,  east  of 
Gharib,  J  2232. 

2.   GoNiASTBAA  PEOTiNATA  (Ehrenberg),  1834. 

Astraa  peetinata,  Ehrenberg,  1834,  Beitr.  Corallenth :  Abh.  k.  Akad.  Wiss.  Berlin 

fiir  1832,  p.  320. 
Ooniastraa  pectinata,  Klunzinger,  1879  :   Eorallenth.  roth.  Meer.,  pt.  iii,  p.  34^ 

pi.  iv,  fig.  6. 

Distribution,  —  Recent :  Bed  Sea.  Fossil,  Pleistocene :  lower 
raised  beach  on  coast  plain,  north  of  Qosseir,  J  2119  ;  raised  50  feet 
beach,  Jemsa,  south  of  Jebel  Zeit,  J  1819. 

The  specimen  (J  1819)  is  of  interest,  as  it  shows  one  of  these 
cases  in  which  some  of  the  corallites  of  the  same  specimen  would, 
if  found  dissociated,  be  assigned  to  distinct  genera.  Part  of  the 
surface  is  shown  on  PL  YII,  Fig.  14.  The  narrow  walled  corallites 
on  the  left  side  of  the  figure  agree  with  G,  peetinata ;  but  those  in 
which  the  calices  are  separated  by  wide  valleys,  so  that  even  the 
oostsB  of  the  adjacent  corallites  do  not  unite,  have  the  form  of  Favia 
ehrenbergi. 

Such  occurrences  show  that  the  plasticity  of  the  corals  is  such 
that  occasional  abnormal  polypes  may  suddenly  acquire  the 
characters  of  another  genus. 

3.   QoNiASTBiEA  PAVU8  (Forskal),  1775. 

MadreporafavuSy  Forskal,  1775:  Descr.  Anim.  Itin.  Orient,  p.  132. 
Gofiiastraa  favus^  Klunzinger,  1879 :  Eorallenth.  roth.  Meer.,  pt.  ill,  p.  35,  pi.  ir, 
fig.  4 ;  pi.  X,  fig.  7. 

Distribution. — Eecent :  Bed  Sea,  Indian  Ocean.  Fossil,  Pleistocene : 
raised  beach,  50  feet  above  sea-level,  Jemsa,  J  2032. 

SOLENASTE^A,  Edwards  &  Haime,  1848. 
1.  SoLENASTRjBA  CHALCiDicuM  (Forskal),  1775.     (PL  VII,  Fig.  12.) 

Madrepora  chalcidicutnf  Forskal,  1775  :  Descr.  Anim.  Itin.  Orient.,  p.  136. 
Cyphastraa  ehalcidicumj  Klunzinger,  1879 :   Korallenth.  roth.  Meer.,  pt.  iii,  p.  53,. 
pi.  V,  fig.  8 ;  pi.  X,  fig.  11. 

Distribution,  —  Eecent :  Eed  Sea.  Fossil,  Pleistocene  :  raised 
beaches  near  Qosseir. 

Figures, — PI.  VII,  Fig.  12,  part  of  the  surface  of  a  worn  oorallum 
of  J  2140,  from  near  Qosseir,  by  2  diam. 

J  1633,  a  very  altered  specimen,  but  judging  by  the  cellular 
exotheca  and  rudimentary  columella  it  is  8,  chalcidicum 
rather  than  S,  serailia,  the  alternative  identification :  Camp  4^ 
Wadi  Hamrawein,  north-west  of  Qosseir,  Eastern  Egypt. 

H  16336  :  Camp  4,  Wadi  Hamrawein. 

H  1633e,  a  very  weathered  specimen,  bored  by  Lithodomi :  Camp  4, 
Wadi  Hamrawein. 

H  1633/:  Camp  4,  Wadi  Hamrawein. 
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J2J22,  2138,  two  yoang  coralla,  on*  27  mm.  diam. :  lowar 

beach,  north  of  Qoaseir. 
J  2136,  a  well-preaerTed  apeoimen :  lower  caiaed  beaoh«  north  of 

Qosseir. 
J  2140,  two  specimens  with  dense  walls :  lower  raised  beach,  north 

of  Qosseir. 
J  2149  :  lower  raised  beach,  north  of  Qosseir. 
1623,  a  much  altered  specimen,  which,  howcTcr,  retains  some  of 

tlie  original  sarfieioe,  showing  the  extent  of  projection  of  the 

calicinal  edges :   raised  beach,  Camp  4,  Wadi  Hamrawein, 

near  Qosseir. 
1628,  a  well-preserved  specimen:   80  feet  above  sea-level,  Wadi 

Qaeh,  near  Qosseir. 

2.   SoLVNASTiLSA  8KBAILIA  (Forskal),  1775. 

lUirepora  9erailia,  Forskal,  1775:  Desor.  Anim.  Itin.  Orient.,  p.  135. 
OfpikatiTisa  tsrailia,  Klunzinger,  1879 :  Eorallenth.  roth.  Meer.,  pt.  iii,  p.  52,  pi.  t, 

fig.  4 ;  pi.  X,  fig.  12. 
StUiuairmafonkalana^  Edwards  &  Haime,  1850 :   Ann.  Sd.  nat.,  ter.  in,  toI.  zii, 

p.  123 ;  1857,  Hist.  nat.  Cor.,  toI.  ii,  p.  497. 

DUirtbution,  —  Recent:  Red  Sea.  Fossil,  Pleistocene:  raised 
beach,  east  of  Jebel  Esh,  J  2177. 

This  specimen  has  the  more  compact  exotheca  and  the  eqnalitj  of 
fte  septa  of  the  first  and  second  cycles,  which  are  two  of  the  chief 
diBtinctions  of  this  species  as  compared  with  8.  ehalcidieum  (Forsk.). 

3.     ?  SoLENASTBiEA    SAVIGNYI   (Ed.  &  H.),  1850. 

Cyphattrcea  savignyi,  Edwards  &  Haime,  1850  :  Ann.  Soi.  nat.,  ser.  in,  vol.  xii,  p.  116. 
CypUstrati  saviguyi,  Klunzinger,  1879  :    Korallenth.  roth.  Meer.,  pt.  iii,  p.  61, 
pi.  V,  fijr.  7. 

This  specimen  (J  1826)  is  a  large  block  with  long,  thin  oorallites, 
about  2^-3  mm.  in  diameter.  It  agrees  with  this  species  by  its 
oompact  endotheca,  and  the  marked  inequality  of  the  primary  and 
secondary  septa.  But  the  specimen  has  been  so  altered  that  its 
identification  is  not  free  from  doubt. 

ORBICELLA,  Dana,  1848. 
1.   Orbicella  70RSKALI  (Edwards  <fe  Haime),  1849. 

^ttrtM  forskaliana,  Edwards  &  Haime,   1849,  Mon.  Astr. :  Ann.  8ci.  nat.,  Zool., 
ser.  ni,  vol.  xii,  p.  100. 

For  Egyptian  references  and  synonyms,  see  Gregory,  1898,  Egypt. 
Fo88.  Madrep.,  Geol.  Mag.,  Dec.  IV,  Vol.  V,  p.  242. 

Distribution, — Recent :  Red  Sea.  Fossil,  Pleistocene  :  low-level 
*&d  high-level  raised  reefs,  near  Jebel  Zeit ;  also  near  Qosseir, 
Wadi  Abu  Shigeli,  and  Wadi  Barud. 

B  163dc ;  this  specimen  is  much  weathered,  and  has  no  trace  of  the 
surface,  but  the  available  characters  are  the  same  as  those  of 
J  2138:  Camp  4,  Wadi  H^mrawein,  near  Qosseir. 

^  1669,  a  specimen  with  the  calices  6-8  mm.  in  diam. ;  the  corallites 
are  circular  and  not  elliptical  as  in  0,  mammtllosa  :  raised 
beach,  80  feet  above  sea-level,  Wadi  Abu  Shigeli. 

DBCADB  v. — VOL.  IH. — NO.  UI.  ft 
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J  1789,  a  block  with  oorallitei  7  mm.  in  diam. :  old  beach.  Camp  7, 

Wadi  Barud. 
J  2138,  a  small  specimen  bat  with  well-preserved  characters :  lower 

raised  beach,  north  of  Qosseir. 

2.   Obbioella  mamhillosa,  Klunzinger,  1879. 
Eorallenth.  roth.  Meer.,  pt.  iii,  p.  49,  pi.  y,  fig.  5 ;  pi.  x,  fig.  10. 

Distribution. — Becent :  Red  Sea.  Fossil,  Pleistocene :  Egypt  and 
Gnlf  of  Tadjura  (Faurot),  lower  raised  beach,  north  of  Qosseir, 
No.  J  2145. 

This  specimen  is  worn  and  is  fragmentary ;  it  has  three  cycles  of 
septa,  a  large  columella,  and  some  of  the  corallites  are  oval  in  section. 
In  a  previous  paper  (Qeol.  Mag.,  1898,  p.  242)  I  included  this 
Orhtcella  in  0.  forskali,  and  I  still  think  that  it  may  well  be  merged 
in  that  species.  But  as  it  is  necessary  to  contrast  these  fossils  as 
closely  as  possible  with  the  recent  Bed  Sea  fauna,  I  am,  for  this 
purpose,  recording  the  specimen  under  Klunzinger*s  name.  The 
following  species  is  provisionally  accepted  for  the  same  reason. 

3.   Obbioella  laxa,  Klunzinger,  1879. 
Op.  cit.,  pt.  ill,  p.  49,  pi.  T,  fig.  3 ;  pi.  x,  fig.  9. 
Distribution, — Becent :  Bed  Sea.     Fossil,  Pleistocene  :  Egypt 

H  1633,  a  large  block  with  thin  walls,  thickened  by  some  secondary 
calcification  :  Camp  4,  Wadi  Hamrawein,  near  Qosseir. 

n  1633d,  a  specimen  with  corallites  varying  from  8  to  10  mm.  in 
diam. :  Camp  4,  Wadi  Hamrawein,  near  Qosseir. 

K  1663,  a  specimen  with  somewhat  smaller  calicos,  7  mm.  in  diam. 
The  corallites  are  close,  and  have  very  little  exotheca;  the 
walls  are  thin,  and  the  septa  number  27  to  30.  None  of  the 
surface  is  shown.  This  is  the  coral  which  differs  most  from 
the  central  type  of  0.  laxay  but  I  do  not  see  any  adequate 
reason  for  excluding  it  from  that  species :  380  feet  above 
sea-level,  near  Camp  7,  Wadi  Shigeli. 

ECHINOPOBA,  Lamarck,  1816. 
1.  EoHiKOPOBA  FBUTiouLOSA  (Ehrenbcrg),  1834. 

Stephanoeora  hemprichii,  forma  frutieulotaf  Ehrenberg,  1834,  Beitr.  Korallenth. : 

Abh.  k.  Akad.  Wiss.  Berlin  fiir  1832,  p.  301. 
Eehinopora  fruticulosa^  Klunzinger,  1879  :   Eorallenth.  roth.  Meer.,  pt.  iii,  p.  55, 

pi.  vi,  fig.  4. 

Distribution,  —  Becent:  Bed  Sea.  Fossil,  Pleistocene:  Egypt, 
380  feet  above  sea-level,  near  Camp  7,  Wadi  Shigeli,  K  1660. 

This  specimen  is  the  irregular  nodular  base  of  a  coral  with  calices 
5-5*5  mm.  in  diameter,  so  they  are  somewhat  smaller  than  in  the  recent 
corals,  and  the  paliform  processes  are  perhaps  less  distinct.  It  is, 
moreover,  not  raised  in  definite  branches,  but  would  probably  have 
developed  thus  had  it  grown  larger.  In  other  respects  it  appears  to 
be  the  same  as  the  recent  forms. 

K  1665,  from  the  same  locality,  is  a  fragment  of  Eehinoparaf  but 
is  specifically  indeterminable. 
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QALAXEA,  Oken,  1815. 
Galaxba  FA80I0VLABI8  (LinnaBus),  1767. 

Jfadrepora  foieieulariB,  Limueus,  1767:  Syst.  Nat.,  12th  ed^  vol.  i,  pt.  2,  p.  1278. 
Madr^MrafueicuiarU,  Ellis  &  Solander,  1786 :  Nat.  Hist.  Zooph.,  p.  151,  pi.  zxz. 
GakxeafasdaUariBy  Oken,  1815:  Lehrb.  Naturgesch.,  Th.  iii,  Zool.,  Abt.  1,  p.  73. 
Gulauafueieularis,  Klonzixiger,  1879  :  Eorallenth.  roth.  Meer.,  pt.  ii,  p.  78. 

Distribution.  —  Reoent:  Bed  Sea.  Fossil,  Pleistooene:  raised 
beach,  80  feet  above  sea-level,  Wadi  Qaeh,  near  Qosseir,  E  1629 ; 
Camp  6,  Wadi  Qaeh,  E  1631. 

These  are  two  excellent  specimens.  The  septa  of  the  primary 
and  secondary  cycles  are  subeqnal,  and  the  corallites  are  from 
6*5  by  9  mm.  or  6*5  by  10  mm.  in  diameter,  and  they  are  not 
gyrose  or  so  compressed  as  in  0,  irregularis,  Ed.  &  H. 

LBPTASTRiEA,  Edwards  &  Haime,  1848. 

Lbptastbjea  BHBENBKBaANA,  Edwards  &  Haime,  1850. 

Amu  Sd.  nat.,  ser.  m,  toI.  xii,  p.  120  ;  and  Hist.  nat.  Cor.,  vol.  ii  (1857),  p.  494, 
pi.  D  7,  fig.  4. 

Distribution. — Reoent :  Red  Sea.  Fossil,  Pleistooene :  the  raised 
beaoh  between  Jebel  Mellaha  and  Jebel  Zeit,  J  2160 ;  raised  beach, 
80  feet  above  sea-level,  Wadi  Queh,  E  1586. 

This  species  has  polygonal  calioes,  a  well-developed  papillary 
oolomella,  and  24  to  30  septa.  In  No.  J  2160  the  calices  are 
Mmm.  in  diameter. 

PRIONASTRiEA. 

1.  Pbionastrjea  pentagona  (Esper),  1795. 

Madrepora  pefitagonay  Esper,  1795:   'Pflanzenth.'  Forsetz.,  p.  23,  pi.  xxxix. 
FrionoitrtBa  pentagona,  Klunzinger,  1879  :    Korallonth.  rotn.  Meer.,  pt.  iii,  p.  41, 
pi.  iT,  fig.  11 ;  pi.  X,  figs.  6,  ff,  h, 

Distribuiion, — Recent :  Red  Sea,  Egypt.  Fossil,  Pleistocene  : 
lower  raised  beach,  north  of  Qosseir,  J  2142  and  J  2150. 

2.    Pbionastb^a  tessbbifbra,  Ehrenberg,  1834. 

Astraa  Uuerifera,  Ehrenberg,  1834,  Beitr.  Corallenth. :  Abh.  k.  Akad.  Wiss.  Berlin 

fiir  1832,  p.  321. 
Pricneutraa  tesgeriferoy  Edwards  &  Haime,  1861 :  Pol.  Terr,  palaeoz.,  p.  102. 
Fnonoitrt^a  tes»erifera,  Klunzinger,  1897:    Korallenth.  roth.  Meer.,  pt.  iii,  p.  37, 

pi.  iv,  fig.  9. 

Distribution, — Recent :  Red  Sea.  Pleistocene  :  Sinai,  north  end 
of  tbe  QaarantiDe  Enclosure,  El  Tor,  L  4193.  Egypt,  raised  beach 
east  of  Jebel  Esh,  J  2177  (two  specimens). 

3.   PsiONASTBiEA  VASTA,  Klunzingcr,  1879. 

Eorallenth.  roth.  Meer.,  pt.  iii,  p.  38,  pi.  iv,  figs.  8,  12  ;  pi.  x,  figs.  4,  a,  b. 

Distribution. — Recent :  Red  Sea.  Fossil,  Pleistocene  :  Egypt, 
raised  beaoh,  east  of  Gharib,  J  2226. 

Klunzinger  has  founded  this  species,  which  he  admits  as  a  very 
near  ally  of  Prionastraa  tesserifera,  owing  to  the  greater  size  of  its 
'Calices ;  in  P.  tesserifera  he  records  them  as  from  10  to  12  mm. 
wide  and  from  10  to  15  mm.   long,    while  those  of  P.  vasta  \i^ 
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records  as  10-15  mm.  wide  and  10-20  mm.  long ;  bnt  in  his  own 
photograph  of  P.  tesserifera  one  of  the  calioes  is  20  mm.  long,  and 
they  vary  so  mnoh  in  diiBTerent  parts  of  the  oolony  that  P.  vagia 
seems  to  me  only  a  variety  of  Jr.  U$9erif8ra  with  large  ooralHtes. 
Bnt  for  the  sake  of  precise  comparison  between  the  recent  and  fossil 
fiinnas  the  species  may  be  provisionally  accepted. 

SIDEBASTB^A,  Blainville,  1880. 
1.  SiDBBASTBJBA  SAviONYi,  Edwards  &  Haime,  1850. 

Siderastraa  tavignyana,  Edwards  &  Haime,  1850:  Ann.  Sd.  nat.,  ser.  ui,  vol.  zii^ 

p.  140. 
BUtrattrcta  sapipnyana,  Klunzii^rar,  1879 :  Eorallenth.  roth.  Meer.,  pt.  iii,  p.  77. 
A&trma  umgnyanay  Edwards  ft  Haime,  1857 :  Hist.  nat.  Cor.,  toL  ii,  p.  508. 

Distribution,  —  Recent:  Bed  Sea.  Fossil,  Pleistocene:  Egypt 
{fide  Edwards  &  Haime) ;  also  at  raised  beach,  east  of  Jebel  £^h, 
J  2172-2190. 

2.   SiDEBASTasA  LiLAOiA,  Elunzinger,  1879. 
Eorallenth.  roth.  Meer.,  pt.  iii,  p.  77,  pi.  ix,  fig.  6  ;  pi.  x,  figs.  16,  a,  h. 
Distribution, — Recent :  Egypt,  near  Qosseir  (Elunzinger).    Fossil, 
Pleistocene:  lower  raised  beach,  north  of  Qosseir,  J  2122-2188; 
raised  beach,  east  of  Jebel  Esh,  J  2186. 

The  specimens,  Nos.  J  2122-2138,  include  three  nodular  coralla, 
of  which  the  two  more  perfect  ones  are  56  by  42  mm.  in  diameter 
and  25  mm.  high,  and  29  by  27  mm.  in  diameter  and  13*5  mm.  high. 

FUNGIA,  Lamarck,  1801. 

1  have  previously  called  attention  to  the  variability  of  the  Fungi» 
found  in  the  Pleistocene  deposits  of  Egypt.^  Klunzinger  accepts 
four  previously  described  species  as  found  in  the  Red  Sea,  and 
founded  three  more.  He  divided  them  primarily  according  to  the 
septal  teeth,  and  his  secondary  division  is  based  on  the  circular  or 
elliptical  form  of  the  corallum.  The  specimens  included  in  the 
present  collection  do  not  seem  to  me  to  agree  with  Elunzinger's 
scheme,  as  they  represent  a  union  of  characters.  But  accepting 
ELlunziuger's  arrangement  for  the  sake  of  convenience,  the  Fongias 
in  this  collection  can  be  named  as  follows :  — 

1.   FuNGiA  PATELLA  (EUis  &  Solandor),  1786. 

Madrepora  patellOf  Ellis  &  Solander,  1786 :   Nat.  Hist.  Zooph.,  pi.  xxriii,  figs.  1-4. 
Fitngia  patellarity  Lamarck,  1801 :  Spt.  Anim.  sans  Vert.,  p.  370. 
Fungia  patelhf  Elunzinger,  1879 :   Korallenth.  roth.  Meer.,  pt.  iii,  p.  61,  pi.  vii, 
fig.  4  ;  pi.  viii,  fig.  2. 

Distribution.  —  Recent  Fossil,  Pleistocene :  Egypt,  B  1308, 
Brit  Mus.  (Gregory,  op.  cit),  Sinai,  Lower  Terrace,  south  of 
Hedemia  Bay,  L  3498. 

2.   Fungia  valida,  VerriU.     (PI.  VII,  Fig.  13.) 

Bull.  Mus.  Comp.  Zool.,  No.  1,  p.  61. 
Distribution. — Recent :  Indian  Ocean  (Zanzibar).    Fossil,  Pleisto- 
cene :  Egypt,  Wadi  Queh ;  Sinai,  Lower  Terrace,  south  of  Hedemia  Bay. 

^  Geol.  Mao.,  Dec.  IV,  Vol.  V  (1898),  p.  244. 
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If^nTM. — VL  Vll,  Fig.  18,  part  of  a  yoang  oorallum  from  the 
ade^nat  size. 

K 1560,  a  set  of  Hyq  specimens  ranging  from  20  by  21*5  mm.  in 
diameter  and  5*5  mm.  thick  to  60  by  58  mm.  in  diameter  and 
11mm.  thick.  One  specimen  figured  on  PL  YII,  Fig.  18, 
retains  the  anthoagathas :  raised  beach,  Camp  6,  Northern 
Wadi  Qaeh. 

K  1589,  one  well-preserved  specimen  from  the  Wadi  Queb. 

L  3498,  two  specimens,  the  larger  of  which  is  73  by  67*5  mm. 
in  diameter,  and  about  11  mm.  thick :  Sinai,  Lower  Terrace, 
south  of  Hedemia  Bay. 

L  3498,  three  smaller  specimens,  of  which  the  largest  is  57  by 
52'5mm.  in  diameter  and  11mm.  high,  and  its  costas 
resembles  F.  plaeunaria,  Elunz. :  same  locality. 

POBITES,  Edwards  &  Haime,  1860. 
1.  PoBiTis  soLiDA  (Forskal),  1775. 

Mairtparm  9oRda,  Fonkal,  1775:  Descr.  Anim.  Itin.  Orient.,  p.  131. 
hritM  tolida,  Klanzinger,  1879 :    Eorallenth.  roth.  Meer.,  pt.  ii,  p.  42,  pi.  yi, 
%.  14;  pi.  T,  fig.  21. 

DUiribution,  —  Recent:  Bed  Sea.  Fossil,  Pleistocene:  Egypt, 
kwer  raised  beach,  north  of  Qosseir,  Nos.  J  2116  and  J  2134. 

These  specimens  closely  resemble  P,  luteoy  Edwards  &  Haime,^ 
but  their  pali  are  less  distinct,  and  so  I  record  them  under 
Klunzioger's  name.  The  depth  of  the  oalices  cannot  be  determined 
in  these  specimens. 

2.   PoBiTES  NODiFBRA,  Klunzingcr,  1879. 
Korallenth.  roth.  Meer.,  pt.  ii,  p.  41,  pi.  vi,  fig.  13  ;  pi.  v,  fig.  17. 

Dtatrihution,  —  Recent :  Red  Sea.  Fossil,  Pleistocene  :  Egypt, 
raised  beach,  80  feet  above  sea-level,  Camp  8,  Wadi  Abu  Shigeli, 
Coast  Plain,  north  of  Qosseir. 

This  specimen  is  70  mm.  high,  and  above  the  base  the  transverse 
section  is  elliptical,  being  47  mm.  wide  by  28  mm.  thick.  The  oorallum 
divides  above  into  short,  thick  branches.  The  walls  are  very  thin 
and  trabecular ;  the  pali  are  fairly  distinct,  but  the  columella  is  not 
very  apparent ;  but  these  structures  are  not  well  defined  in  the 
irregularly  trabecular  skeleton  of  this  genus. 

MONTIPORA,  Quoy  &  Gaimard,  1833. 

MONTIPOBA   Sp. 

No.  J  1826,  old  beach.  Camp  17,  Wadi  Barud.  The  collection 
made  by  Mr.  Barron  from  this  locality  includes  a  worn  fragment  of 
a  Montipora,  But  it  is  too  imperfect  for  determination  as  to  its 
position  in  a  genus,  which,  according  to  Mr.  Bernard's  Catalogue, 
includes  140  recent  species. 

The  collection  includes  some  indeterminable  specimens  as  follows : 

K  1656,  cast  probably  not  a  coral :   raised  beach,  300  feet  high, 
Wadi  Hamrawein. 

^  Edwards  &  Haime:  Hist.  nat.  Cor.,  yol.  iii,  p.  180. 
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K  1632,  oast  of  a  Lithodomua :  raised  beaoh,  No.  1,  north  of  Qosaeir. 

H  16d3a,  ?  Fatfia :  Camp  4,  Hamrawein,  near  Qosseir. 

K  1640,  (a)  Prionastradoid,  indet,  (b)  Acanthaatraa  sp.,  (c)  indet : 

raised  beach.  No.  1,  520  feet  high,  north  of  Qosseir. 
E  1664,  an  OrbiceUoid :  raised  beach,  380  feet  above  tea-level,  Wadi 

Shigeli. 
H  1776,  ?  Mmsa  sp. :  Abu  Sha'ar  Plateau. 
H  1866a,  ?  Orbiedh :  Wadi  Belih. 
J  1826,  Acanthastraa  sp. :  old  beach,  Camp  17,  Wadi  Barud. 

DESCRIPTION  OF  PLATES. 
Plate  VI. 

Fio.  1. — Smilotroehus  sp.    Abu  Roash.    No.  3795.    a,  seen  from  the  side ;  b,  out- 
line as  seen  uom  aboTe.    Nat.  size. 
2.—Favia  humei,  n.sp.     Miocene:   Wadi  Belih,  Abu  Sha'ar.    No.  H1780. 

Part  of  surface  of  the  corallum.     x  1}  diam. 
3. — Orbieella  mellahiea^  n.sp.    Miocene :  west  flank  of  Jebel  Mellaha.    Part 

of  the  surface  of  H 1862.     x  1}  diam. 
4. — The  same.     Some  corallites  of  18186.     x  2  diam. 
5. — Orbieella  tehweinfurthi  (Felix).    Miocene :  vest  flank  of  Jebel  Mellaha. 

Part  of  the  surface  of  H  1862  (duplicate).    Nat.  size. 
6. — 0,  defraneei  (Edwards  &  Haime).    miocene :  west  flank  of  Jebel  Mallaha. 

H  1862.    A  few  corallites  from  a  transTerse  section,     x  1^  diam. 
7. — Stplina  tetramera^  n.B^.    Miocene:   Abu  Sha*ar.    H  1818.    Part  of  the 

surface  of  corallum.     x  2  diam. 
8. — Zeptastraa  barroni,  n.sp.     Miocene:  surface  of  Abu  Sha*ar  Plateau. 

H 1864.    a,  part  of  surface ;  by  another  part  of  surface  of  same  spedmen ; 

e,  part  of  internal  section,     x  2  diam. 

Platb  VII. 

Fio.  9. — Stylocctnia  tuberculata,  n.sp.    Miocene:   Wadi  Belik.    H1814.    a,  the 

coral,  seen  from  side  ;  nat.  size.    6,  pflurt  of  the  surface  ;    x  2  diam. 
„   10. — Frianastraa  lyonn,  n.sp.    Miocene :  Wadi  Belih.    H  1814<».    a,  part  of 

worn  surface ;  b,  part  of  transyerse  section.    Nat.  size. 
„    11. — Solenastraa  elliptica,  n.sp.     Miocene:   Abu  Sha*ar.     H  1818a.    «,  part 

of  the  surface  ;    x  2  diam.     6,  part  of  a  transTerse  section ;   x  4  diam. 
,,    12. — Solenastraa  ehaleidieum  (Forsk.].    Pleistocene :  raised  beach  near  Qoflseir. 

J  2140.    Part  of  the  surface  ol  a  worn  corallum.     x  2  diam. 
,»   U,—Fungia  valida,  Verrill.     Pleistocene:    Wadi  Queh.     E1560.    Corallum 

from  side.    Nat.  size. 
9,   14. — OonxattrtM  peetinata  (Ehr.).     Pleistocene:   Jemsa,  south  of  Jebel  2mL 

J  1819.    Part  of  the  surface  of  the  corallum.    Nat.  size. 
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lY. — Allotsopio   Forms  of  Silica  and  thbib  Signitioanob  as 

Constituents  of  Igneous  Books. 

By  CoBMO  Johns,  M.I.Mech.E.,  F.G.S. 

THAT  silica  appears  as  a  constituent  mineral  of  igneous  rocks 
in  two  distinct  phases,  viz.  quartz  and  tridymite,  has  been 
known  for  some  time.  The  writer  is  not  aware  that  any  ezplanatioii 
has  been  o£fered  which  would  indicate  the  conditions  determining 
the  appearance  of  one  or  the  other  in  a  cooling  fused  rock-masa. 
He  now  proposes  to  describe  certain  experiments  made  with  a  view 
to  explain  why  it  is  that  though  the  free  silica  generally  appears 
as  quartz,  yet  occasionally,  as  in  certain  trachytes,  it  crystallises  ont 
as  tridymite. 
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He  was  also  dedroOB  of  olearing  up,  if  possible,  the  difficulty 
oansed  by  the  conflictiDg  values  given  to  the  fusion-point  of  silioa 
by  different  investigators.  Joly,^  using  the  meldometer,  found 
qoartz  to  fuse  at  120O'  0.,  and,  with  prolonged  heating,  even  at 
much  lower  temperatures.  Boudouard,'  in  the  course  of  his 
observations  on  oalcio  and  alumino  -  oalcio  silicates,  used  Soger 
ooDes  and  determined  the  fusion-point  of  silica  to  be  1830^  G. 
Other  experimenters  have  given  values  varying  from  1450^  to 
1550^  G.  It  is  very  evident  that  the  differences  are  too  great  to 
be  explained  by  suggesting  experimental  errors  as  the  oause. 

Advantage  was  taken  of  the  fact  that  a  regenerative  gas  furnace, 
whose  temperature  could  be  regulated  and  only  limited  theoretically 
by  the  dissociation  point  of  carbon  dioxide,  was  available  to  make 
ft  series  of  experiments  with  quartz  sand  of  a  high  degree  of  purity. 
After  its  specific  gravity  had  been  determined,  a  quantity  was 
introdnoed  into  the  furnace,  rapidly  heated  to  1500^  G.,  and 
maintained  at  that  temperature  for  48  hours.  When  withdrawn 
the  material  was  quite  pulverent,  and  did  not  show  the  slightest 
sigDs  of  fusion.  It  had,  however,  increased  in  volume  and  become 
milk-white  in  appearance.  Selecting  the  hottest  part  of  the  furnace, 
where  the  temperature  was  determined  to  be  above  1800^  G., 
aoother  portion  of  similar  sand  was  introduced  and  withdrawn  after 
30  minutes  exposure  to  that  high  temperature.  On  examination 
the  surface  of  the  mass  was  found  to  be  fused  to  a  depth  of 
7  or  8  mm.,  but  the  remainder  was  in  the  same  pulverent  state 
as  that  found  after  the  first  experiment. 

Both  experiments  were  repeated,  but  it  was  found  that  quartz 
sand  could  only  be  fused  with  great  difficulty,  and  only  by  selecting  the 
hottest  part  of  the  furnace.  Yet  at  the  same  time  the  temperature 
of  the  furnace  was  such  that  steel  was  being  maintained  in  a  fluid 
state  with  ease.  It  would  seem  that  Boudouard's  determination  is 
confirmed,  and  the  fusion-point  of  silica  lies  above  1800°  C. 

Beference  has  been  made  to  the  fact  that  the  unfused  sand  had 
increased  in  volume  during  both  experiments.  This  was  confirmed 
when  the  specific  gravity  was  determined,  for  the  results  were  as 
follows  : — 

Original  quartz  sand       2*645  sp.  gr. 

After  prolonged  exposure  to  1500°  C 2*309     ,, 

The  specific  gravity  of  the  original  quartz  sand  is  that  of  a  very 
pure  quartz,  and  this  only  confirms  the  analysis,  which  showed  it  to 
be  practically  pure  silica.  The  specific  gravity  of  the  altered  and 
nnfused  mass  is  the  average  of  tridymite.  The  quartz  had,  in  fact, 
been  transformed  into  another  phase,  and  later  experiments  indicated 
the  transformation  point  to  be  about  1300°  C.  It  is  hoped  to  make 
farther  experiments  and  determine  the  point  more  accurately. 

It  becomes  apparent  that  silica  may  exist  in  two  solid  phases, 
viz.  quartz  and  tridymite.      Also  that  the  former  is  only  stable 

1  Bep.  Brit.  Ajbsoo.,  1900,  p.  730. 

'  Journ.  I.  and  S.  Inst.,  toI.  i  (1905),  p.  350. 
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Tke  ligpifcaaee  of  dw  |wwMliiliij  of  afiei  appeni^  in  either  of 
its  two  mAvi  phttBM  cHiaot  he  ovedooked  owiii|^  to  its  obTioafl 
Imriinjy  OB  tlie  qceeiioa  of  the  thersel  eonditiom  attmdiiig  the 
ooBOolidamn  of  the  igHeow  vodkm,  Tnating  tfie  oo^ng  maes  as 
a  CBie  of  recipfocal  ac^ntioB.  it  would  i|p|wr  tiiat  tiie  tenpentvfe  at 
whidi  ffiHca  mmj  be  thrown  oat  of  aoIatiaB  is  a  cntieal  point  of  some 
h^iortaoee.  If  it  happena  to  be  above  1300^0^  and  neglecting  for 
the  present  tlie  effset  of  Tapoor  preasme,  then  die  sQica  would 
appear  in  the  fonn  of  tridjwteL  If  the  lempetatnre  of  the  mass 
happened  to  be  below  1900^  C.  when  aOiea  was  thrown  ont  of 
aolationy  then  qnarta  would  appear. 

Qoartz  is  generaHj  one  of  the  later  mfnersls  to  appear  in  a  cooling 
rock-mass,  therefore  its  predominance  in  igneons  rocks  as  a  phase 
of  silica  is  not  surprising.  The  oomparatire  rarity  of  the  tridyroite 
phase  wonld  also  be  explained.  If  the  correctness  oi  the  writer's  oon- 
olnsions  be  admitted,  then  we  are  able  to  fix  within  moderate  limits 
die  temperature  of  certain  critical  points  in  the  cooling  curves  of  the 
igneous  rocks. 

There  is,  of  course,  just  a  possibility  that  tridymite  is  really 
metastable  below  the  transformation  point,  but  that  it  requires 
a  long  period  of  time  before  passing  into  the  more  stable  form. 
In  that  caae  the  geological  age  of  the  tridymite -bearing  rocks 
becomes  a  factor  of  some  importance. 


V. — The  Thickness  op  the  Ice-Cap  in   the  tabious  Glacial 

Periods. 

Bj  Eritst  H.  L.  Schwarz,  A.R.C.S.,  F.G.S., 
Bhodes  UniTenitj  College,  Gnhamstown,  South  Afnca. 

IN  estimating  the  maximum  load  which  pressed  upon  the  northern 
type  of  Olacial  (Dwyka)  Conglomerate  in  Prieska,  Cape  Colony, 
I  assumed  that  the  calculations  of  Sir  Wy  ville  Thomson  and  Bemaooi 
were  correct,  and  that  the  greatest  column  of  ice  that  could  exist 
on  the  earth's  surface  was  from  1,400  to  1,600  feet  high.*  This 
limit,  however,  is  by  no  means  accepted  by  European  glaoialists, 
who,   though   they  do  not  go  as  far  as  Dr.  Croll  in  assuming 

>  '<An  Unrecognized  Agent  in  the  Deformation  of  Bocks":  Trans.  S.  Airican 
^  Boo.,  Tol.  xir  (1908),  p.  400. 
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thickneMes  of  120,000  feei,  yet  see  no  reason  why  there  oonld  not 
hftTe  been  ioe-sheets  5,000  feet  thick.  The  publication  of  Captain 
Sootf s  narratiTe  of  the  Toyi^  of  the  ''  DisooTery  "  has  giyea  ns 
certain  definite  data  from  the  Antarctic  which  enable  the  oase  for  the 
1,600  feet  mazimam  to  be  put  with  more  confidenoCi  and  I  will 
eiidea¥oar  in  the  present  paper  to  state  the  main  lines  of  the 
aignment  The  question  is  of  importance  not  only  to  ns  in  South 
AMoa  with  onr  two  PalsBOzoio  ice-ages,  but  to  all  geologists,  as  it 
affects  the  problem  of  the  earth's  equilibrium.  To  give  a  recent 
example.  Professor  Penck,  in  describing  the  Bodensee,  discusses 
whether  the  weight  of  ice  pouring  down  from  the  Alps  in  a  sheet 
^,600  feet  thick  may  not  have  had  some  effect  in  producing  a 
sinking  in  the  earth's  crust.^ 

To  begin  with,  it  is  necessary  to  enquire  into  the  thickness  of  the 
ioe-sheet  at  the  present  day,  and  in  no  case  where  there  has  been 
diieet  measnrement  has  the  ice  been  found  to  exist  in  sheets 
surpassing  the  1,600  feet  limit  The  estimates  of  the  thickness  of  the 
<}reenlana  ioe-cap  rest  on  assumptions  which  it  is  impossible  to  prove 
or  disprove,  but  if  they  are  examined  closely  they  will  be  found  to  be 
as  favourable  to  the  lesser  limit  as  to  the  greater  one  of  6,000  feet. 
Dr.  Nansen's  argument  is  that  the  coastliDO  of  Greenland  is  very 
Kke  that  of  Scandinavia,  and  therefore  it  is  permissible  to  assume 
that  the  internal  relief  of  the  island  continent  is  the  same  as  that  of 
Norway  and  Sweden ;  if  the  latter  were  covered  with  an  ioe-sheet 
np  to  the  tops  of  the  mountains  the  valleys  would  be  filled  with  ice 
to  depths  of  6,000  to  7,000  feet;  consequently,  in  Greenland, 
allowing  for  the  land  surface  being  somewhat  higher  than  in 
Scandinavia,  the  valleys  wouM  have  acoiim illations  of  ice  5,000  to 
6,000  feet  thick.  As  confirmatory  evidence  Dr.  Nansen  quotes 
instances  of  the  enormous  erosion  which  has  gone  on  along  the 
coast  of  Greenland,  which  he  states  was  produced  by  (glaciers 
excavating  their  valleys  while  filled  with  ice  and  giving  at  the  foot 
pressures  of  not  less  than  160  atmospheres.'* 

Von  Drygalski,  as  the  result  of  two  expeditions  to  Greenland,  has 
given  elaborate  measurements  of  the  glaciers  that  now  end  in  the 
sea,  and  concludes  that  an  iceberg  rises  higher  than  the  glacier 
front  from  which  it  has  calved  only  when  it  turns  over  on  its  side ; ' 
as  the  glacier  front,  where  it  is  floating,  rarely  rises  to  300  feet, 
icebergs  of  more  than  300  feet  high  must  be  ones  that  have  turned 
over,  and  are  consequently  of  no  use  in  measuring  the  height  of  the 
original  ice -sheet  from  which  they  have  issued.  If  we  take 
Steenstrup's  figures  for  the  proportion  of  the  parts  of  an  iceberg 
above  and  below  water,  namely,  1  :  7-4:  to  1  :  82,*  a  height  of 
300  feet  would  make  an  iceberg  have  a  base  over  2,000  feet  deep. 
Von  Drygalski,  however,    found   that  soundings   off  the   edge  of 

'  Vortrage  d.  Vereins  z.  Verbr.  Naturwiss.  Kennt.,  xlii  (Yienna,  1902),  Ileft  6, 
p.  11. 

>  **  The  First  Crossing  of  Greenland,"  Appendix,  p.  472  ;  London,  1890. 

»  "  Gronland  Expedition,"  p.  387;  Berlin,  1897. 

*  **  Meddeleser  om  Gronland,"  p.  97 ;  Copenha<jen,  1879. 
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floating  glaciers  gave  only  a  depth  of  four  timeB  the  height  of  the- 
glaoier  front,  and  a  300  feet  ioeberg  would  therefore  be  1,500  feet 
thick  in  all.  Scott  says  the  same  thing  for  the  Antarctic,  where  120 
to  150  feet  icebergs  do  not  touch  bottom  in  more  than  100  to  120 
fathoms  of  water,  giving  a  proportion  of  something  like  1  :  5  for  the 
portions  above  and  below  water.^  The  discrepancy  between  the 
estimated  and  observed  proportions  is  explained  by  the  experiment 
performed  by  the  **  Chidlenger  "  in  firing  cannon-balls  into  an  ice- 
berg :  while  some  layers  reacted  like  solid  rock,  others  were  so  soft 
that  the  balls  imbedded  themselves,  proving  that  a  large  proportion 
of  the  berg  was  soft,  spongy,  and  filled  with  air,  thus  making  it 
buoyant. 

Scott  found  that  the  Oreat  Barrier  ice  rose  at  one  point  to  240  feet 
above  sea-level,  but  as  some  portions  sank  to  nearly  sea-level,  these 
greater  elevations  may  safely  be  put  down  to  pressure  ridges ;  the 
average  height  was  under  200  feet.  The  height  of  the  ioe-oolamn 
in  the  Great  Barrier  may  give  too  low  a  figure  for  the  mass  of  ice  as- 
it  leaves  the  land,  whereas  that  of  the  Greenland  glaciers,  coming 
steeply  o£f  the  land,  probably  gives  too  high  a  one.  The  point 
1  wish  to  emphasize  is  that  the  whole  resources  of  the  Greenland 
ice-cap  and  the  great  snow-fields  of  the  Antarctic,  can  only  produce 
a  sheet  of  ice  in  the  valleys  or  places  of  greatest  accumulation  of 
heights  that  are  near  the  estimated  possible  maximum,  namely, 
1,600  feet. 

These  estimations  depend  on  the  ice  being  0^  0.  at  the  junction  of 
the  sheet  with  the  earth,  and  doubt  has  been  thrown  on  this.  Ice 
only  becomes  colder  than  its  melting-point  by  reason  of  radiation  of 
heat  into  space,  and  where  this  is  stopped  by  great  thickness  of  ice 
— ice  being  a  bad  conductor  of  heat — the  temperature  of  the  ice  will 
rise  from  any  degree  below  zero  at  the  surface  to  0^  C,  where  the 
heating  e£feot  due  to  pressure  comes  into  play.  Y.  Drygalski  has- 
given  a  large  series  of  observations  bearing  on  this  question,  and  the 
same  rise  of  temperature  is  observed  as  in  the  case  of  the  earth's 
crust,  only  on  a  more  exaggerated  scale.  The  following  are  a  few 
extracts,  temperatures  in  degrees  Centigrade  (Celsius  in  the 
original) : — ' 

Temferaturb  in  the  Ice  on  the  G&bat  Kakajak  Glacier, 

175  m.  above  sea-leyel. 

6  in.  {'15  m.)  17-5  ft.  (6-4  m.)       28*9 ft.  (8-9  m.> 


30ih  October,  1892 
19th  November,  1892 
29th  November,  1892 
2nd  February,  1893 
14th  April,  1893 


-13-7  ...  -3-7  ...  -2-9 

-13-7  ...  -101  ...  -7-2 

-19-2  ...  -6-6  ...  —6-2 

-32-9  ...  -6-1  ...  -6-0 

-16-0  ...  -9-0  ...  -9-2 


The  last  figure  in  the  third  column  is  the  greatest  cold  found 
at  this  depth ;  it  was  taken  on  April  14th,  and  denotes  the  lag  in  the 
temperature  of  the  interior  of  the  ice-sheet  when  the  snrfeioe  was 
becoming  warmer.    These  figures  demonstrate  sufficiently  dearly- 

I  **  Voyage  of  the  *  Discovery,* "  p.  410 ;  London,  1906. 
*  "  Greenland  Expedition,"  pp.  461-2. 
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thai  the  lowering  of  the  melting-point  of  ioe  dae  to  pressure  is  not 
materially  affeoted  by  the  intense  oold  at  the  surface,  and  that 
therefore  we  may  take  the  physicists'  estimate  of  the  maximum 
thickness  as  approximately  correct 

8oott  found  the  Antarctic  ice-cap  to  be  flat  on  the  surface  of  the 
land  with  an  edge  of  rock  which,  from  the  sea,  appeared  to  consist 
of  lofly  mountains,  but  the  highest  points  of  these  sank  below  the 
horizon  directly  the  level  of  the  ice-cap  was  reached.  Peary  and 
Hansen  have  found  tbe  same  tbing  in  Greenland.  The  tops  of  the 
moontains  look  as  if  they  once  were  part  of  a  peneplain,  but  Nansen 
mamtains  that  it  is  not  likely  that  a  great  land-mass  like  Qreenland 
should  be  all  on  a  level  beneath  the  ice.  In  his  later  researches, 
however,  Nansen  has  demonstrated  the  existence  of  a  vast  sub- 
marine plateau  in  the  Arctic  Ocean,  and  if  the  plateau  here  rose 
above  the  sea  by  block-uplift  it  would  be  covered  by  ice  and 
protected  from  denudation  by  ioe.  Douglas  Freshfield,  in  his 
address  to  the  British  Association  at  Cambridge,  stated  that  it  is  at 
the  face  of  the  glacier  that  denudation  begins,  and  the  configuration 
of  the  coastline  in  Greenland  and  in  the  Antarctic  regions  bears 
this  out;  the  valleys  go  but  a  short  way  inland,  and  are  ended 
abroptly.  K,  then,  there  is  some  reason  to  suppose  that  the  polar 
ioe-caps  lie  on  level  land,  the  argument  for  estimating  the  thickness 
of  ioe  above  the  limit  which  physicists  say  is  the  maximum  is  shown 
to  be  of  doubtful  value. 

The  only  way  by  which  a  sheet  of  ice  over  the  1,600  feet  limit 

can  exist  is  when  the  surface  of  the  ground  on  which  it  rests  is 

below  the  temperature  of  the  melting-point  of  ice,  and  to  obtain 

such  a  condition  of  things  there  must  be  a  cause  of  abstraction  of 

heat   from    within   the  earth,  as  the  ice-sheet  forms  a  blanket  to 

protect  the  surface  of  the  ground  from  radiation  from  above.     The 

heat  of  the  earth's  interior  is  always  creeping  outwards,  and  instead 

of  abstracting  heat  from  the  ioe  it  is  the  ice  that  is  abstracting  heat 

from  the  earth.      Not  only  is  this  true  for  the  existing  ice-caps, 

but  it  must  have  been  tnie  for  the  ice  in  the  Glacial  periods  of  the 

northern  hemisphere  and  the  Palsdozoic  ice-ages  of  the  southern, 

and   I   cannot,  therefore,  see  how   it  is  possible,  in  the  light  of 

physical  experiment,  supplemented  by  actual  observation,  to  obtain 

the  great  thickness  of  ice  that  glaoialists  ordinarily  call  in  to  explain 

the  phenomena  which  they  have  described. 

Finally,  there  is  one  observation  of  Commander  Scott's^  which 
perhaps  explains  the  enormous  apparent  thickness  of  glacier  ioe  in 
past  ages  as  seen  in  the  evidence  afforded  by  ice-scorings  on  the  sides 
of  the  valleys.  In  the  Ferrar  glacier  the  ice  had  once  been  from 
3,000  to  4,000  feet  higher  than  it  is  at  present.  There  is  also  reason 
to  suppose  that  the  climate  was  milder  at  the  period  of  maximum 
glaciation,  because  it  is  physically  impossible  for  cold  air  to  contain 
much  moisture  and  consequently  to  feed  the  glacier  streams.  With 
a  milder  climate  the  ice  must  have  melted  more  easily,  and  yet  even 

1  *<  Voyage  of  the  *  Discovery,*  *'  p.  416. 
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now  within  the  Arotio  oirole  glaciers  haye  streams  of  mnning  wafer 
isBuiDg  from  their  fronts;  there  mnst  have  been,  therefore,  vety 
great  erosion  in  the  glacier  yalleys  by  ranning  water  during  the 
maximum  glaciation,  and  the  valleys  became  rapidly  deepened. 
When  the  olimate  became  severer  and  the  glaciers  became  smaller 
owing  to  ibsufiSoiency  of  supply,  they  no  longer  flowed  down  the 
valley  as  it  originally  existed,  but  in  the  narrower  gorges  excavated 
by  the  sub-glaoial  streams  in  earlier  times.  This  fact,  that  during 
maximum  glaoiation  there  was  necessarily  a  milder  olimate  and 
oonsequent  greater  melting  and  erosion,  may  perhaps  explain  how 
glacier  valleys  in  Europe  and  America  have  been  scored  by  ice  from 
their  bottoms  to  heights  of  3,000  and  4,000  feet  above.  To  maintain 
that  such  valleys  at  one  time  were  filled  from  top  to  bottom  with  ice 
is,  to  my  mind,  equivalent  to  saying  that  in  an  ordinary  river  valley, 
with  terraces  high  up  the  sides,  the  valley  was  once  filled  with 
water  from  the  present  level  to  the  topmost  water-mark. 
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Tbimminoham  Chalk. 

By  B.    M.    BaTDONi,    F.G.S. 

(PLATES  VIII  AND  IX.) 

{Concluded from  the  Febrttary  Number,  p,  78.) 

THE  very  uniform  trend  of  all  these  ridges  will  have  been  noted, 
but  my  previous  remarks  on  the  general  strike  of  the  foreshore 
chalk  require  considerable  modification.  The  whole  of  the  chalk  so 
far  exposed  may  be  divided  into  four  sections.  Each  of  these 
comprises  an  exposure  in  or  close  to  the  cliff  of  what  appears  to  be 
the  highest  part  of  a  ridge  running  down  the  beach  in  a  direction 
from  10°  to  30^  south  of  east  (and  sinking  as  it  goes)  to  about  the 
half-tide  level.  Here  three  of  them  (the  exception  being  the 
brickfield  chalk)  turn  and  run  for  some  way  roughly  parallel  to 
the  shoreline,  and  then  resume  their  original  direction  and  run  oat 
to  sea.  The  brickfield  chalk  only  varies  from  this  plan  by  running 
out  to  sea  with  practically  no  change  of  direction  on  the  way. 
Except  where  a  ridge  is  running  up  to  the  cliff,  the  substratum  of 
the  beach  is  invariably  glacial  clay  down  to  about  half-tide  leveL 
Here  it  is  either  banked  against  what  appear  to  be  vertical  faces  of 
chalk  or  else  (bettoeen  the  foreshore  exposures)  disappears  under  the 
sand.  It  has  never  been  seen  to  run  out  to  sea,  and  every  time 
a  fresh  bit  of  the  foreshore  below  the  half-tide  level  is  cleared 
of  sand  it  is  chalk  that  is  revealed.  In  the  case  of  the  section 
attached  to  the  north  bluff  there  is  below  the  half-tide  level  a 
continuous  mass  of  chalk  with  perfectly  regular  bedding  exposed 
for  at  least  1,000  yards  along  the  shore,  and  directly  opposite  the 
north  bluff  I  have  myself  seen  chalk  continuous  from  the  foot  of  the 
bluff  for  over  200  yards  straight  out  to  sea  (except  about  20  yards 
close  up  to  the  bluff,  which,  however,  are  covered  by  Mr.  B.  B. 
Woodward's  letter  in  the  October  (1905)  number  of  the  Qboloqioal 
Magazine),  the  regular  sequence  of  the  beds  being  only  broken  by 
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one  fanlt  The  fleoUon  attached  to  the  ridge  coated  with  a  sheet  of 
flint  is  a  good  seoond  in  size,  showing  chalk  in  regular  sequence  for 
a  length  of  over  400  yards,  and  maximum  (exposed)  breadth  of 
about  45  yards. 

There  seem  to  be  only  two  possible  theories  as  to  the  nature 
of  tbaae  chalk  masses,  as  Mr.  Beid's  theory  is  quite  impossible  of 
general  application,  and  appears  to  be  only  applicable  to  the  north 
Unff  subject  to  very  important  modifications.  One  is  the  erratic 
theory.  This  theory  involves  the  possibility  of  an  erratic  1,000 
yards  by  200  yards  in  superficial  area  and  unknown  depth,  and 
others  smaller  but  still  of  monstrous  size.  It  offers  no  explanation 
of  the  rude  symmetry  of  tectonic  structure  exhibited  by  the  chalk, 
nor  any  plausible  origin  for  these  erractics,  which  have  no  known 
oonnterpart  in  fossil  contents,  and  cannot  from  the  perfection  in 
which  tiiey  have  retained  their  stratification  and  fossil  contents  have 
travelled  far.  It  is  also  a  coincidence  almost  past  belief,  until  every 
other  possible  explanation  has  failed,  that  an  ice-sheet  should  chance 
to  leave  at  one  spot  all  the  known  remnants  (a  very  large  number) 
of  a  very  strongly  marked  epoch  without  the  admixture  of  a  single 
erratic  mass  belonging  to  any  other  epoch.  If  a  final  nail  in  the 
coffin  of  the  erratic  &eory  be  required,  it  is  to  be  found  in  the 
Mandesley  well  section  recorded  in  the  Geological  Survey  Memoir 
on  the  Upper  Chalk  of  England  as  having  shown  a  great  thickness 
of  chalk,  obviously  in  $itiif  containing  0.  lunata  at  intervals. 

The  other  theory  is  that  of  the  buried  chalk  cliff,  set  forth  in  my 
previous  pamphlet  (of  which  Mr.  Jukes-Browne's  buried  sea  stacks 
are  really  a  variant  very  near  the  truth,  but  not  quite  borne  out  by 
my  investigations).  The  numerous  sections  on  the  foreshore  where 
the  clay  is  piled  up  against  apparently  vertical  faces  of  chalk,  the 
uniformity  with  which  the  clay  has  hitherto  been  found  to  bo 
bounded  to  seaward  by  chalk,  the  occasional  disturbances  in  the 
chalk  along  its  junction  with  the  clay  never  penetrating  more  than 
a  short  distance  into  the  body  of  the  chalk,  the  newly  exposed 
cavities  in  the  southern  part  of  the  south  bluff,  and  the  great 
masses  of  flint  shingle  in  the  cliffs  immediately  above  the 
bluffss,  all  tend  strongly  to  confirm  the  supposition  that  the  chalk 
once  presented  at  this  point  a  low  cliff  with  projecting  headlands  to 
a  sea  lying  where  now  we  have  the  land,  and  that  up  against  this 
cliff  the  boulder-clay  was  piled.  It  is  not  at  all  uncommon  to  find 
the  chalk  much  disturbed  along  the  junction  with  the  clay,  while 
a  few  yards  further  seawards  there  commences  an  extensive 
area  of  wholly  undisturbed  chalk,  and  this  is  no  doubt  due  to  the 
dislocation  of  the  chalk  in  the  face  of  the  old  cliff  by  clay  forced  into 
cracks  and  acting  under  continued  pressure  from  behind  like 
a  gigantic  wedge.  The  erratics  behind  the  north  bluff  have  almost 
demonstrably  been  torn  from  the  parent  mass  by  clay  pressing  up 
from  below,  which  must  have  reached  a  position  below  them  either 
in  caves  or  along  cracks. 

There  are,  as  will  have  been  gathered,  niuny  apparent  instances  on 
the  foreshore  of  clay  passing  under  the  chalk.     Some  of  these  are 
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undoubtedlj  geDoine  oases,  to  be  explained  as  above.  But  it  is  quite 
possible  that  the  majority  are  only  apparent.  If  boulder-day  was 
banked  up  against  a  yertioal  wall  of  chalk,  the  plane  of  junction 
would  often  be  a  waterway  of  some  importance.  The  water 
percolating  along  this  plane  would,  of  course,  have  little  or  no  effect 
on  the  boulder-clay,  but  would  tend  to  dissolve  away  the  chalk,  and 
the  deeper  below  the  surface  the  water  got  the  greater  would  be  the 
pressure  on  it  and  consequently  its  solvent  power.  There  would  thus 
be  a  constant  tendency  for  the  chalk  face  to  recede,  and  recede  less 
rapidly  at  the  surface  than  deeper  down,  and  so  to  develop  an  over- 
hanging vertical  face.  The  clay,  being  comparatively  plastic,  would 
of  course  follow  the  receding  chalk  wall,  and  in  time  lie  under  the 
chalk  for  a  short  distance.  The  shortness  of  this  distance  would 
not  be  apparent  in  the  foreshore  sections  we  have,  which  are  almost 
always  along  the  chalk  walls  and  never  across  them,  but  I  have 
several  times  been  able  to  satisfy  myself  by  digging  that  the  distance 
for  which  the  infraposition  of  the  clay  to  the  chalk  extended  seawards 
was  a  matter  of  inches  only. 

It  may  perhaps  be  permissible  to  speculate  on  the  epoch  at  which 
this  chalk  cliff  existed.  Now  we  know,  of  course,  that  the  early  Crag 
sea  was  a  warm  and  tranquil  sea,  and  therefore  it  must  have  been 
protected  from  the  North  Sea  of  the  period  by  a  land  barrier,  the 
gradual  breaching  of  which  would  allow  the  gradual  admission  of 
colder  water  and  Boreal  forms,  which  can  be  so  clearly  traced  in  the 
upper  Crag  beds.  Such  a  barrier,  if  it  lay  anywhere  in  or  near 
Norfolk,  must  have  been  of  chalk,  which  is  the  basement  bed,  so  to 
speak,  of  the  county,  and  we  should  therefore  hope  to  find  with  great 
luck  the  cliffs  left  by  the  cutting  through  of  the  barrier,  and  possibly 
also  the  floor  of  chalk  formed  in  the  gap.  Now  we  have  between 
Cromer  and  Weybourne  an  almost  flat  surface  of  chalk  at  sea-level, 
which  presumably  has  not  been  formed  by  the  recent  sea,  as  the 
cutting  back  of  the  cliffs  always  reveals  a  platform  of  chalk  at  their 
very  base,  which,  except  between  Sheringham  and  Weybourne,  shows 
no  sign  of  rising  into  the  cliff,  and  therefore  must  be  of  pre-glacial 
age.  Is  it  fantastic  to  suggest  that  the  chalk  between  Cromer  and 
Weybourne  is  part  of  the  floor  of  the  old  breach,  and  that  at 
Trimmingham  we  have  the  only  remains  yet  disclosed  of  the  east 
cliffs  formed  by  that  breach,  and  that  the  west  cliffs  are  buried  at 
some  point  between  the  chalk  at  sea-level  round  Cromer  and  the 
chalk  at  a  considerable  height  above  it  round  Holt  and  Melton, 
a  slight  tilt  having  brought  the  cliffs  at  Trimmingham  nearly  down 
to  modem  sea-level  ?  The  behaviour  of  the  Pliocene  beds  themselves 
confirms  this  supposition  as  to  the  relative  Pliocene  positions  of  the 
Trimmingham  and  Cromer  chalk,  for  the  Pliocene  beds  near  Cromer 
are  all  above  the  surface  of  the  chalk  there,  while  we  know  on  the 
authority  of  Mr.  Reid  that  corresponding  Pliocene  beds  at 
Trimmingham  close  by  the  chalk  occur  well  below  high  tide  mark, 
and  consequently  many  feet  below  the  highest  point  to  which  the 
undisturbed  chalk  there  reaches  in  the  south  bluff.  This  theory 
would  involve  the  existence  at  one  time  of  a  (probably  now  buried) 
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chalk  cliff  running  along  the  bed  of  the  North  Sea,  and  saoh  a  oliff 
would  be  a  poesible  eouroe,  and  the  only  one  that  oan  be  suggested, 
for  the  erratics  between  Trimmingham  and  Weyboume.  Some  cliff 
the  source  must  haye  been,  for  ice  with  all  its  powers  can  neither 
shovel  up  nor  suck  up  large  masses  of  chalk  out  of  a  horizontal 
surface.  This  hypothetical  buried  oliff  would  probably  be  running 
more  or  less  north  and  south,  and  would  therefore  be  nearer  to  the 
present  coastline  at  Overstrand  than  further  north,  and  the 
difference  in  distance  travelled  would  account  for  the  enormous 
difference  between  the  condition  of  the  Overstrand  erratics,  which 
have  suffered  somewhat,  but  not  much,  from  pressure,  and  those  west 
of  Cromer,  which  have  been  crushed  until  they  are  barely  coherent, 
and  crumble  most  rapidly  on  exposure.  The  suggested  Pliocene 
chalk  cliffs  would  also  afford  a  source  for  the  enormous  supply  of 
carbonate  of  lime  whioh  must  have  been  required  for  the  building  up 
of  the  vast  masses  of  shells  of  which  the  lower  Crag  beds  are  composed. 
[After  this  paper  had  taken  more  or  less  its  present  shape. 
Professor  Bonney  and  Mr.  Hill  published  in  the  Qeologioal 
Magazihb  for  September,  1905,  a  paper  dealing  somewhat  sketchily 
with  the  purely  stratigraphical  aspect  of  the  Trimmingham  Chalk  on 
apparently  very  incomplete  data.  This  paper  has  been  effectively 
criticized  by  Mr.  6.  B.  Woodward  in  the  October  number  of  the  same 
Magazine,  pp.  478  and  479,  and  by  Sir  Henry  Ho  worth  in  the 
November  number,  and  I  have  nothing  to  add  to  the  criticisms 
made  by  these  gentlemen,  to  whom  I  am  much  indebted  for  their 
intervention.  We  have,  however,  to  thank  Professor  Bonney  and 
Mr.  Hill  for  a  record  of  chalk  at  the  base  of  the  cliff  under 
Trimmingham  itself,  where  I  have  long  expected  it,  but  never  had 
the  good  fortune  to  see  it.] 

Paleontology. 

A.    Chalk  of  Trimmingham, 

The  greater  number  of  the  additions  and  corrections  to  the  list 
given  in  my  previous  pamphlet  have  been  incorporated  in  the  list 
to  be  found  in  the  recent  Survey  Memoir  above  referred  to,  but  for 
convenience   a  complete   list    of   all   corrections   and   additions   is 

given  here : — 

Spongida. 
Add  Porosphtera  globularis^  Phill. ;  Ventrictdites  decitrrens,  T.  Smith  ;  V.  impresms^ 

T.  Smith  ;    V,  qmneuneialiSy  T.  Smith  ;    V.  radiatus^  T.  Smith, 
^hnit  F.  Woodwardi — the  light  recently  thrown  ])y  Dr.  Hinile  on  the  species  which 

has  8o  long  borne  this  name  makes  me  doubtful  if  I  cm  prove  its  occurrence. 

ACTINOZOA. 

Add  Dibhutu  Orerensisy  Lonsd. 

Omit  Calamophyllia  fazeentsis — the  specimen  which  distantly  suggested  thb  species  to 
Profewor  Deecke  has  proved  to  be  a  fish -spine  {Ccelorhynchus  cretaceus): 
Onchotroehits  serpeniinus — this  appears  to  have  been  bas(xl  on  specimens  of 
a  very  slender  Forina. 

ECHINODERMATA. 

Add  EpioMter  gibbus^  Lam. ;  Mieratter  cor'anguinumy  Klein.  One  specimen  of  the 
t'ormer  and  two  of  the  latter  are  in  the  collection  of  Mr.  Savin.  Echinoconus 
OrbignyanuSj  Ag.  (the  bun-shaped  Echvioconus  of  my  previous  pamphlet 
according  to  Mr.  Sherbom). 
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OlB&KIpiDXi.. 

Add  PoUieipM  fallMSf  Darw.  (very  abandant). 

9ubatitute  Braehyltpat  eretacetu^  H.  Woodw.,  for  FolUei^  e4me$iUtu$,  which  has 
proved  to  be  a  synonym. 

POLYZOA. 

Add  Siphoniotyphlm  tenuis ^  Hag.,  a  species  of  remarkable  range  for  one  lo  speeialiBed. 

Lamblubranchiata. 

Add  Avicitla  evruleseenSf  Nilss.  ;  Ostrea  eanalieulata.  Sow. ;  0.  inaquicottatOf 
S.  Woodw. —  if  the  Trimmingham  specimens  are  rightly  identified,  this 
species  can  hardly  be  identioal  with  0.  sefniplanOy  as  suggedfeed  in  the  recent 
Survey  Memoir ;  Flieaiula  aigiUifta,  S.  P.  Woodw. ;  BfSndyltu  ipmamt.  Sow. 

Correct  Dieeraa  inaquiroglratiu  in  Surrey  Memoir.  This  record  appears  to  be 
founded  on  adherent  valves  of  an  Exogyra  so  identified  at  South  Kensington. 

Gastbeopoda. 

Add  Lenialium  sp.  There  frequently  occur  casts  of  Gasteropods,  mainly  Trochu$ 
and  CVriMtM7N,  but  bo  small  and  delicate  as  to  require  an  expert  to  identify  them. 

Cephalopoda. 

Add  Bayjieldiy  F.  &  C,  after  Kautilua, 

Substitute  Aptychus  rvgosits^  Shnq)e,  for  A.  peramplut. 

Omit  Belemmtella  ep.    Dr.  Blackinore  is  c^mvinced  that  the  very  numerous  specimens 

of  Uiis  slender  form  are  only  young  Ji.  mueronatOj  the  infant  mortality  among 

which  must  have  been  terrible. 

Pisces. 
Add  Ccblorhynchus  creiaceus,  Dix ;  Corax  ep. ;  SeaphanorhytuhHS  aubulatut,  Ag. 

It  will,  perhaps,  be  well  to  comment  on  some  statements 
made  by  Dr.  Rowe  in  his  paper  on  the  Dorset  Chalk,  in  which 
he  compares  the  fauna  of  the  B,  mucronaia  zone  in  Doraet  and 
Norfolk,  as  they  are  calculated  to  mislead  anyone  having  only 
a  slight  knowledge  of  the  Trimmingham  fauna.  He  statea  that 
Pecten  concentricus  is  common  at  Trimmingham.  As  I  have  never 
seen  a  specimen  of  it  there,  I  can  only  conclude  that  he  is  oonfusing 
the  sniootli  Fecteu  Nihsoni  (which  is  common  at  Trimmingham) 
with  P,  concentricus.  He  also  states  that  a  certain  hexagonal  Serpula 
was  considered  by  me  to  be  S,  difformis,  but  that  it  differed  from  the 
Trimmingham  examples,  *'  which  are  always  pentagonal.**  He  has 
here  confused  at  least  three  perfectly  distinct  speoies.  The  first  is 
a  free-growing,  tapering,  uniformly  heptagonal  form  of  oarious  anrface, 
which  is  either  S.  difformis  or  a  very  near  relation.  This  form,  or 
one  barely  separable  from  it,  occurs  also  in  the  B.  mucronata  ohalk 
of  Hampshire  down  to  its  base.  The  second  is  a  very  remarkable 
form  with  a  polished  surface.  It  starts  with  a  broad  base  and 
triangular  cross-section  with  a  strong  dorsal  carina,  and  is  then 
incapable  of  being  separated  from  S.  macropua.  Bat  very  aboh  the 
tube  rises  free  from  the  base  and  proceeds  to  develop  six  more  oarinie 
placed  at  regular  intervals  round  the  tube.  But  the  new  oaiin«  are 
not  all  developed  at  once,  and  the  specimen  forwarded  to  me  by 
Dr.  Rowe  for  identification  was,  if  I  remember  rightly,  a  youngish 
specimen  with  six  carinsd  fully  developed  and  the  seventh  just 
appearing.  This  form  is  not  uncommon  in  the  S.  miicrofiato  chalk 
of  Hampshire,  but  I  have  not  yet  found  it  (at  any  rate,  to  be  oertein 
of  it)  at  Trimmingham.  At  the  time  I  saw  Dr.  Rowe's  qieeimen 
I  was  still  under  the  impression  that  this  form  woald  prove  to  be 


Ghfl  ii\r..  190O. 


Pec.  V,  V..I.  in,  PI.  Vtlt. 


■io/the  Trimmin^bnm  Clialk  liluffs,  NnitoWi  CowsX. 
(To  illustrat,,  Mr.  R.  M.  BQ.i„nt.-s  i>av»ct.l 


RM.  Brj^dmie—Fkraer  NiOis  M  the  jyimmmgham  129 

&  difarmUt  so  I  gave  this  name  to  Dr.  Bowe,  but  with  the  same 
oaotion  with  wbioh,  it  will  be  aeao,  I  recorded  it  at  Trimmiagham  in 
my  preTiooB  pamphlet.  Whether  it  onght  to  he  incloded  in  the 
lame  speoies  as  the  typical  8.  wiaenppuB  on  aocoant  of  its  initial  stage 
it  a  qaestion  for  a  specialist,  bat  it  seems  to  me  very  andesirabfe, 
aeeiDg  how  greatly  the  two  forms  di£Eer  in  the  adult  stage.  (The 
question  is  farther  complicated  by  a  Trimmingbam  species,  which 
goDerally  begins  with  a  maeromia  stage  like  the  form  just  described, 
and  then  grows  to  a  great  length  as  a  free  round  tube  slightly 
canred,  with  a  carious  snrfiK)e  and  devoid  of  carinas.  The  same 
form  is,  however,  often  to  be  found  in  the  same  beds  free  from  its 
earliest  infancy.)  8.  eanieriata,  the  third  spedes,  is  evidently 
the  Trimmingbam  form  which  Dr.  Bowe  had  in  mind,  as  it  is 
the  only  free  pentagonal  species  at  Trimmingbam  (except 
oocasional  specimens  of  8.  flvieiuata).  Not  content  with  giatuitonsly 
ittributing  to  me  an  intention  to  identify  his  specimen 
of  a  heptagonal  form  with  8,  eanUriata,  which  is  never  even 
hexagonal,  he  has  made  misstatements  about  that  species  firom 
which  a  wider  experience  would  have  saved  him.  If  he  had  said  it 
was  always  pentagonal  outside  the  Trimmingbam  Chalk  he  might 
well  have  been  correct,  as  I  have  found  only  the  pentagonal  form  in 
the  various  zones  down  to  Jf.  ear'teitudinarium,  in  which  it 
oocigionally  appears,  but  in  the  Trimmingbam  Chalk  it  is  often 
tetragonal,  and  in  some  specimens  passes  from  the  one  form  to  the 
other. 

Dr.  Bowe  may  be  right  in  saying  that  Pentacrinus  Aga$8izi  and 
Broimt  are  very  common  at  Norwich  and  Sheringham,  but  I  confess 
I  am  much  surprised  at  the  statement,  for  I  have  not  found  a  specimen 
of  either  form  at  either  locality,  and  I  have  spent  much  time  on 
the  chalk  around  Sheringham,  though  comparatively  little  on  that 
around  Norwich. 

B.  Chalk  between  Cramer  and  Weyboume. 

Sfonoida. 

iWipA/era  gUfntlaria^  Phill.  (yery  Ventriculites  impreuuSf  T.  Smith. 

large).  V,  radiatus,  T.  Smith. 

ACTZNOZOA. 

^xt^Mter  eretacta,  Lonsd.  Trochotmilia  (laxa  ?). 

^kamphyllia  MieMini,  Lonsd. 

(cttmmon). 

EcHINODBaMATA. 

^rjfutticrintu  (joints,  incliidin^  one  Eehinoeonus  vulgaris,  Rom. 

variety  very  typical  at  Trimmmgham).  Eehinocorys  vulaaris,  Brejrn. 

O^iiasier  sp.  Gimiaster  (ossicles). 

^^Mbhf.  Mieraster  eor'anguinum,  Klein 
0}/pho$oma  (Komigif).  (conmion). 

Ybbmbs. 

Strjmla  umptUlfUia^  Sow.  Serpula  grtmulata.  Sow. 

^-  etutteriata,  Hag.  S.  gordialis^  Schloth. 

S.  tannetta  (?),  Sow.  8,  Utuitis,  Defr. 

^*  iiformis  (?),  Dix.  S,  plexus,  Sow. 
S'Jluetuata,  8.  Woodw. 

2IICADB  T.^TOL.  XU. — MO.  UI.  ^ 
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OZKSHIPSDXA.. 

Brachylepoi  eretaeea^  H.  Woodw.  Sealpellum  maxmumf  Sow. 

rollieipet  glaber,  Edm. 

POLTZOA. 

ffomalottega  pavoniOf  "Rag.  Paehydera  ffrandii, 'M.9i», 

Jfembranipara  elathrata^  KeusB.  Porinajilograna,  Golidf. 

Many  others  of  (at  present]  anknown  zonal  Bignificanoe. 

Bbachiopoda. 

Crania  Egnaberffensis,  Retz.  Terebratula  eamea,  Sow. 

C.  Parisiensis^  Defr.  T,  obesa,  Sow. 

Maffo*  pt4mili4s,  Sow.  (yery  common).        T.  iexradiata^  Sow. 
Mhynchonella  limbata,  Scmoth.  TerebratuUna  tfriata^  Wahl. 

£h.  pUeatilis,  Sow.  Thecidimn  Wetherelli,  MorriB. 

Hh,  JieedcfisiSf  Eth. 

Lamellibranchiata. - 
Arxcula  eocndeseenSj  Nilss.  Peclm  pulehelht*^  Nilss. 

Inaeeramus  sp.  P.  quinquecottaiu*^  Sow. 

Lima  granulata^  Nilss.  P.  undulatus,  Nilss. 

Z.  pectinata,  D'Orb.  Plieafula  sigiUinaf  S.  P.  Woodw. 

Ostrca  ennalieulata^  Sow.  Spondyltu  hut&tnpUakm^  D*Orb. 

O,  inteqnicostata  (?),  S.  "Woodw.  8,  laUUy  Sow. 

■0.  ve»iculari8y  Lam.  S.  apinonUf  Sow. 

Pecten  cretosus,  Defr. 

Cephalopoda. 
AptychtM  rugostiSf  Sbarpe.  Belemnitella  fnucnmaUf  Sohloth. 

Pisces. 
Enehodut  sp. 

It  is  perhaps  desirable  to  mention  that  these  fossilB  borne  mainly 
from  the  western  part  of  this  chalk,  i.e.  about  Sheringham  and 
Wey bourne.  It  may  be  partly  owing  to  the  greater  fapillties  for 
collecting  offered  by  the  cliff  exposures  near  Weyboume,  but  I  have 
no  doubt  that  it  is  also  due  to  a  genuine  increase  in  the  abundance  of 
fossils  as  we  get  away  from  Cromer/ where  the  chalk  is  wonderfully 
barren.  Travelling  in  this  direction,  we  are,  according  to  Mr.  Reid, 
passing  from  newer  to  older  chalk,  but  I  have  great  doubts  about 
this.  The  only  argument  he  adduces  to  support  this  view  is  that  the 
dip  of  the  chalk  in  the  clifis  near  Weybourne  is  to  the  east,  and  may 
be  assumed  to  continue  all  the  way  (there  certainly  does  not  appear 
to  be  any  traceable  dip  in  any  direction  in  the  chalk  on  the  for^hore). 
I  have  always  doubted  the  existence  of  this  steady  eastward  dip,  and 
when  in  1903  the  chalk  near  Weybourne  was  ezoeptionally  well 
exposed  after  a  storm  I  studied  it  very  carefully.  I.vraa  able  to 
trace  the  lines  of  flint  very  minutely,  and  I  was  absolutely  oonvinced 
that  for  nearly  three-quarters  of  a  mile  from  Weybourne  Gktp  the 
lines  of  flint  are  dipping  steadily  to  the  west.  I  have  also  observed 
indications  that  there  is  a  syncline  at  West  Runton,  and  not  very  far 
away  a  chance  hole  in  the  chalk  with  vertical  sides  showed  a  section 
across  a  flint  line  apparently  lying  in  a  small  ahtiolinal.  I  am 
therofore  more  inclined  to  regard  this  chalk  as,  at  any  rate, 
undulating,  if  not  actually  dipping  westward  on  the  wholo.  The 
fossils  of  the  chalk  around  Weybourne  show  a  tendency  towards  the 
Trimmingham  fauna,  and  it  would  be  remarkable  if  between  that 
chalk  and  the  Trimmingham  Chalk  there  really  lay  the  veiy 
uafosailiferous  chalk  nearer  Cromer. 
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An  Appendix  will  follow,  later  on,  with  figures  and  descriptions 
of  the  Cirripedia  and  Polyzoa. — B.  M.  B. 

EXPLANATION  OF  PLATES. 

Platb  VIII. 
Fio.  13.— North  Bluff,  seaward  aspect ;  May,  1905. 
M    14. — North  Bluff,  seaward  aspect,  showing  (but  only  faintly,  owing  to  shadow) 

the  chalk  roof  oyer  the  clay  pinnacle. 
M    15. — October  2nd,  1905,  showing  the  aspect  from  the  head  of  the  south  bay  the 

day  after  the  chalk  roof  was  broken  through. 

Platb  IX. 

Fig.  16.— October  2nd,  1906.     South  bay. 
„    17.— October  2nd,  1906. 
M    18.— October  16th,  1906. 


Vn.— A  Method  of  Classiftino  Igneous  Books  aooobdino  to 

THEIB  CheMIOAL  COMPOSITION. 

By  Dr.  Hugh  Wabth. 
(WITH  A  FOLDING  TABLE.) 

THE  chemical  classification  of  igneous  rocks  is  rendered  diffionlt 
by  the  large  number  of  substances  which  are  present  in  them. 
H.  S.  Washington,  who  based  his  system  of  classification  upon  the 
composition  of  standard  rock-forming  minerals,  found  it  necessary  in 
his  great  work  ^  to  divide  his  2,880  rocks  into  no  less  than  167 
final  groups  in  order  to  ensure  a  close  proximity  between  the  rocks 
within  each  group. 

The  number  of  rocks  in  any  system  of  classification  must  rise 
so  much  more  rapidly  the  greater  the  proximity  of  the  individual 
rocks  to  each  other.  In  the  case  of  only  a  single  constituent  the 
•deviation  of  individual  rocks  from  the  group  average  is  inversely 
proportional  to  the  number  of  groups.  A  similar  law  prevails 
when  several  constituents  are  considered  at  the  same  time,  as  will 
he  shown  in  the  following. 

Five  hundred  rock  analyses  were  selected  at  random  for  the 
pnrpose  of  classification.  The  average  composition  of  this  whole 
assembly  of  rocks  was  then  calculated,  and  the  mean  deviation 
^^  the  several  substances  was  found  by  deducting  the  percentage  of 
^h  substance  present  from  the  mean  percentage  of  this  substance 
ID  the  five  hundred  rocks. 

The  diflferences  obtained  for  all  the  rocks,  positive  as  well  as 
Jegative,  were  then  added  together,  and  the  sura -total  divided  by 
oOO  gave  the  mean  deviation  of  each  substance.  It  requires  to  be 
Doted,  however,  that  for  the  present  purpose  some  of  the  substances 
^ere  taken  two  and  two  together,  and  their  combined  deviations 
^ere  thus  ascertained.     The  following  is  the  result : — 

500ROCX8.  SiOj    AI2O3  Fe^Os  FeO  MgO   CaO  Na^O  K2O 

•^^wage  compoeition       ...         57-0      16-5      3-9      3-9      4-8      5*8      3-6      2*9 

^ean  deTiation +9-6        3-0  4-0  7-0  2-6 

'  H.  S.  Washington,  "Chemical  Analyses  of  Igneous  Rocks";  Washington 
^J^iTemment  Printing  Office,  1903. 
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The  total  mean  deyiation  is  26*2.  In  the  above  average  wo 
omitted  '5  per  oent.  TiO,,  '2  per  oent  PfOs,  1*9  per  cent.  H,0, 
beoaase  these  substanoes  are  excluded  from  the  partition  scheme. 

The  next  step  that  may  now  be  taken  is  as  follows : — Divide  the 
500  rooks  into  two  kinds,  those  whioh  have  less  than  the  average 
of  57*0  per  oent  silioa  and  those  whioh  have  more.  I  find  that 
265  rocks  belong  to  the  former  with  an  average  of  48*3  per  oent 
ailioa,  and  285  rooks  to  the  latter  class  with  an  average  of 
66*9  per  cent,  silica.  The  mean  total  deviation  within  these  two 
groups  has  now  been  reduced  from  26*2  to  17*1.  Dividing  these  two 
groups  once  more  according  to  their  silica  percentage,  one  obtains  four 
groups  with  respectively  43*4,  52*5,  61*0,  and  72*7  per  oent  silica. 
The  average  deviation  is  now  13*2,  or  about  one-half  of  the  original 
It  happens  that  these  four  groups  nearly  coincide  with  the  old- 
established  division  of  rocks  into  acid,  intermediate,  basic,  and 
ultra-basic  rocks,  and  it  is  noteworthy  that  this  very  simple 
classification  reduces  the  deviation  cdr-eady  to  one-half  of  its  original 
amount. 

As  will  be  seen  later  on,  it  needs  four  times  as  many  groups  to 
reduce  the  mean  total  deviation  to  approximately  one-third  of  the 
original  deviation,  and  H.  8.  Washington's  elaborate  system  reduces 
it  at  the  most  to  one-fourth. 

If  the  above-mentioned  fourfold  grouping  of  the  500  rooks  be 
continued  by  now  partitioning  according  to  the  percentage  of 
alumina,  eight  groups  are  obtained  with  a  deviation  of  10*9. 

Further  partition  into  16  groups  yielded  dififerent  results  according 
to  the  choice  and  order  of  substances.  The  following  deviations  are 
obtained : — 

OrDEK  of  SuBSTANCfBS.  ToTAL  DsVIATION'. 

Fe203  +  FeO,  MgO  +  CaO,  Al^Oj,  Na20  +  KjO           ...  10-6 

Fe203+FeO,  ALjOs,  MgO  +  CaO,  NaiO  +  K20           ...  10-4 

Si  Oj,  Fe^  O3  +  Fe  0,  Mg  0  +  Ca  0,  Na,  0  +  Ka  0            ...  10-2 

Si02,  AljOs,  MgO  +  CaO,  NaaO  +  KjO 9-7 

Four  bases,  three  last  bases,  two  last  bases,  Naj  0  +  E3  0      ...  9*5 

All  four  sets  of  bases,  omitting  successiyely  the  following : 

AI2O3,  Fe2  03  +  FeO,  MgO  +  CaO,  NaaO  +  K2O  ...  9-0 

This  last  method  of  grouping,  whioh  gave  the  best  result,  is 
herewith  adopted  for  use. 

Further  partition  into  82  groups  reduced  the  total  deviation  as 
follows : — 

Obder  OP  Substances.  Total  DBVXATioy. 

FeaOs  +  FeO,  AlaOg,  MgO  +  CaO,  NajO  +  KjO,  all  baaes         7*7 
All  bases,  successiyely  minus  the  following: 

AI2  O3,  Foj  O3  +  FeO,   Mg  0  -TCaO,   NajO  +  K,0,  and 
fimdly  all  bases  (with  a  few  modifications)     7*4 

The  same  principle  might  be  applied  for  the  purpose  of  still 
further  subdivision.  With  128  groups  it  would  be  poatible  to  treat 
all  the  seven  bases  separately.  It  would,  however,  be  necessary  to 
employ  a  larger  number  of  analyses  to  secure  aoouxaoy. 
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My  present  object  is  to  employ  a  moderate  number  of  divisions, 
and  for  this  purpose  16  groups  appear  to  answer  best  The  com- 
bination of  similar  bases  has  enabled  me  to  simplify  the  system. 
The  individual  bases  maintain  generally  a  correct  proportion,  and 
when  they  do  not  the  bases  of  a  pair  may  easily  be  understood  to 
replace  each  other  (see  Table  II). 

The  separate  table  (Table  1)  shows  the  average  compositions 
of  the  16  groups  which  are  here  used.  There  is  added  for  each 
group  the  name  of  a  typical  rock  which  occurs  in  the  group.  To 
facilitate  the  discussion  of  the  table  1  also  add  a  Diagram  (p.  133) 
which  requires  some  explanatiou.  The  vertical  bands  of  the  diagram 
are  of  such  widths  that  they  represent  by  the  scale  the  average 
percentage  of  the  seven  basic  oxides  and  of  water. 

If  a  line  be  drawn  from  point  0  of  the  diagram  inclined  at  45^, 
and  if  we  then  measure  from  the  intersection  of  that  line  with 
the  right  margin  of  each  band  along  that  margin  the  sums  of 
the  bases  AlaO,,  Al,0|  +  Fe,0|,  Al,0|  +  Fe,0,+FeO,  eta,  eta, 
we  obtain  a  straight  horizontal  line  which  stands  for  the  average 
of  500  rocks.  If  we  apply  the  corresponding  numbers  for  any  one 
of  the  rock  groups  we  obtain  the  curves  shown  on  the  diagram. 
The  acid  rocks  have  descending  curves,  the  basic  rocks  have 
ascending  ones.  The  descent  of  a  portion  of  any  curve  implies 
that  the  proportion  of  the  respective  betses  is  below  the  average,  and 
vice  verad.  Horizontal  portions  occur  in  a  curve  whenever  the 
respective  components  are  equal  to  the  average  of  the  500  rooks. 

In  order  to  illustrate  further  the  degree  of  proximity  within  the 
groups  of  rocks  I  herewith  give  an  example  of  an  entire  group 
(Table  II).  This  group  No.  9,  6  a  a  a,  has  a  mean  total  deviation 
of  9*4,  which  is  very  close  to  the  average  of  all  the  groups  and  will 
therefore  give  a  fair  idea.  Other  more  acid  groups  would  show 
a  greater  proximity,  whilst  the  most  basic  groups  would  be  most 
divergent,  as  may  be  seen  on  the  above-mentioned  Table  I. 
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Although  the  above  system  is  only  based  upon  500  selected  rooks, 
any  number  of  others  may  be  incorporated  by  following  the  same 
standard  averages.  In  the  separate  Table  I,  the  averages  are  given 
which  served  for  the  establishment  of  the  16  groups.    These  same 
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ATerages  serve  to  find  the  group  to  which  any  other  igneous  rook 
belongs.    The  following  two  examples  will  illustrate  this : — 

No.  1,  a  specimen  of  Elvan  from  OomwaU,  recorded  in  Cole's 
handbook. 

No.  2,  a  rock  named  Teschenite  from  Gape  Verde,  recorded  by 
H.  S.  Washington,  p.  352. 

SiO,      AI3O,   FeaOs   FeO     MgO     CaO     NaaO     EsO    H2O 
No.  1    ...        71-4        15-4  -3        2-3  -2  -6        2*8        6-6        1-7 

No.  2    ...        39-6        17-0        66        9-3        6-7        10-6        6-0        31        13 

First  calculate  the  four  values  I,  II,  UI,  lY,  which  represent 
the  total  of  the  seven  bases  (or  four  sets  of  bases)  minus  respectively 
A1,0„  Fe,0,  +  FeO,  MgO  +  CaO,  Na,  O  +  K,0.  The  values 
are  as  follows  : — 


I. 

II. 

III. 

IV. 

No.  1 

11-6 

24-4 

•  t  • 

26-3 

18-7 

No.  2 

42-3 

43-4 

•  •  • 

42-0 

60-2 

Following  the  scheme,  p.  134,  we  find  that  sum  I  of  example 
No.  1  is  below  the  average  of  24*8,  and  is  therefore  to  be  marked 
as  (a).  For  comparison  with  II  the  reader  must  now  take  the  left- 
band  value  of  II  =  28'4,  and  this  gives  again  (a).  For  comparison 
with  III  we  have  thus  again  the  left-hand  value  III  =  24*2.  We 
now  have  an  excess  and  letter  (6).  The  fourth  letter  is  again  (a), 
because  18*7  is  smaller  than  22*6.  The  entire  formula  for  rock 
No.  1  is  therefore  {a  ah  a),  group  3  (granite)  of  separate  Table  I. 

Sample  No.  2,  compared  in  the  same  way  with  the  scheme,  p.  134, 
is  found  in  all  four  cases  to  exceed  the  corresponding  numbers 
of  the  scheme;  the  formula  is  therefore  (6  6  6  6),  group  16  of 
Table  I. 
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I.— Catalogue  of  the  Fossil  Plants  op  the  Glossoptebis 
Flora  in  the  Depabtment  of  Geology,  British  Museum 
(Natural  History)  ;  being  a  monograph  of  the  Permo- 
Cabbonifkbous  Flora  of  India  and  the  Southebn  Hemi- 
8PHEBE.  By  E.  A.  Newell  Abbeb,  M.A.,  F.L.S.,  F.G.S.,  Trinity 
College,  Cambridge,  University  Demonstrator  in  Palseobotany. 
(London,  1905.) 

TlHE  present  Keeper  of  the  Geological  Department  of  the  British 
X  Museum  has  continued  the  wise  policy  of  his  predecessor  in 
dticouraging  the  production  of  comprehensive  accounts  of  the  fossil 
floras  represented  in  the  National  Collection.  Mr.  Arber's  volume 
Supplies  geologists  and  botanists  with  an  excellent  summary  of  the 
present  state  of  our  knowledge  in  regard  to  the  Glossopteris  Flora, 
^d  includes  concise  descriptions  of  the  abundant  material  in  the 
i^ossil  Plant  Gallery.  The  excellent  illustrations  by  Miss  G.  M. 
Woodward  add  considerably  to  the  value  of  the  work. 

It  is  a  striking  fact  that  the  six  volumes  dealing  with  Fossil 
l^lants  in  the  British  Museum  which  have  so  far  been  published  are 
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written  by  men  who  ore  not  members  of  the  Htmenm  Staff.  By 
sanctioning  the  expenditure  entailed  in  the  production  of  these 
oatalognes  the  Tmstees  have  recognised  the  importance  of  the 
palceobotanioal  collections ;  but  it  is  to  be  regretted  that  this  branch 
of  palsBobotany  has  not  been  placed  nnder  the  care  of  an  expert 
assistant.  This  is  not  the  place  for  an  expression  of  opinion  as  t6 
the  best  method  of  dealing  with  fossil  plants  in  a  Natural  History 
Museum,  but  it  is  perhaps  not  unreasonable  to  suggest  that  tlw 
subject  of  pal83obotany  is  worthy  of  recognition  as  an  important 
branch  of  Natural  Science  which  should  be  under  the  charge  of 
a  specialist  competent  to  arrange,  describe,  and  extend  the  collectioni 
under  his  care. 

Mr.  Arber's  Introduction  may  be  described  as  the  best  account 
which  has  so  far  been  given  of  the  botanical  affinities  and  distribution 
of  the  Qlossopteris  flora.  The  widely  scattered  literature  on  the 
Permo-Carboniferous  vegetation  from  South  America,  South  Africa, 
India,  and  Australia  is  summarised  in  a  comprehensive  Historical 
Sketch.  In  the  descriptive  portion  of  the  volume  the  author  has 
added  considerably  to  the  value  of  the  work  by  including  certain 
types  which  are  not  represented  in  the  Museum.  Under  the 
Thallophyta  are  included  the  somewhat  problematical  fossils  ascribed 
by  Bertrand  and  Renault  to  the  Algas.  Under  the  Equisetales  the 
genera  Schizaneura  and  Phyllotheea  are  fully  described  so  far  as 
the  material  permits,  but  in  regard  to  the  representativee  of  the 
Equisetales,  as  in  the  case  of  nearly  all  the  fossil  plants  from  the 
Qlossopteris-bearing  strata,  there  is  a  surprising  dearth  of  material 
which  throws  light  on  the  nature  of  the  reproductive  organs  or  on 
anatomical  structure. 

In  the  section  dealing  with  ferns  Mr.  Arber  contributes  a  carefully 
drawn  up  synopsis  of  the  species  of  OloasoptertB  which  cannot  fail 
to  be  of  value  to  students  of  this  flora.  Everyone  with  any 
knowledge  of  recent  ferns  admits  the  impossibility  of  attempting  to 
recognise  true  specific  characters  in  the  numerous  forms  of  frond  and 
in  the  slight  differences  in  venation  characters;  but  some  system, 
though  an  admittedly  artificial  one,  is  necessary  as  a  working 
scheme  for  descriptive  and  cataloguing  purposes.  The  account  of  the 
fructification  of  Glossopteria,  based  on  the  results  of  the  author's 
original  observations,  is  particularly  interesting;  supposed  fertile 
fronds  of  this  genus  have  often  been  described,  but  we  have  now 
for  the  first  time  a  description  of  undoubted  reproductive  organs. 
Among  the  Gymnosperms  are  included  several  genera  of  more  or 
less  doubtful  position,  but  it  is  refreshing  to  find  one  set  of  petrified 
specimens — referred  to  Dadoosylon-^xhihiting  anatomical  characters 
in  a  good  state  of  preservation.  There  is  little  doubt  that  the 
long  strap-like  leaves  which  it  has  been  customaiy  to  refer  to 
Noeggerathiopsis  are  generically  identical  with  the  EnropeoEQ 
Cordaiies.  Mr.  Arber,  though  retaining  the  former  name,  achnits 
the  close  alliance  of  the  northern  and  southern  forms. 

A  perusal  of  the  bibliography  at  the  end  of  the  volume  affords 
some  idea  of  the  labour  involved  in  monographing  the  Glossopteris 
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Flora.  Tlie  tek  has  been  diffioalt.  The  imperfeot  nature  of  tbe 
epeoimene  has  rendered  acoarate  diagnoeis  and  determinatioii 
impoeaible  in  manj  oases,  bat  the  author  has  feoed  the  diffioulties 
in  a  spirit  of  soientifio  oantion,  and  there  has  been  no  attempt  to 
oferesHmate  the  signifioanoe  of  unimportant  oharacters.  The  volame 
before  ua  will  be  thoronghly  appreoiated  by  residents  in  Sonth 
Afrioa,  Aostralia,  and  other  oountries  where  the  Qloesopteris  Flora 
ooeorSy  and  we  maij  oonfidently  look  forward  to  the  disooTery  of 
better  specimens  which  will  afford  the  means  of  placing  on  a  firmer 
basis  of  botanical  knowledge  the  vegetation  of  Qondwana  Land. 

H — ^A  Gums  TO  THE  Fossil  Bkptiles,  Amphibians,  and  Fishis 
nr  THE  Dbpabtheht  of  Qeoloot  and  Paueontoloot,  British 
Museum  (Natubal  Histobt),  Cbomwell  Road,  London,  S.W. 
Eighth  edition  (entirely  re-^rtritten),  1905.  8vo;  pp.  110,  with 
8  plates  and  116  figures  in  the  text     (Price  Gd.) 

(PLATE  XII.) 

rB  progress  of  biological  science  has  been  so  great  within  the 
last  fib^y  years  that  the  barrier  which  once  divided  the  two 
brmebes  of  stndy  into  fossil  and  recent  animals  has  been  swept 
away,  and  we  find  the  student  of  zoology  quite  eager  to  learn  fdl 
lie  can  aboat  those  ancient  forms  of  life,  now  long  since  extinct, 
iod  to  trace  oat  their  relationship  with  their  living  descendants. 

It  thus  happens  that  on  entering  the  Geological  Department  we 
see  the  modern  Indian  Elephant  installed  close  to  tbe  American 
Mastodon  and  tbe  European  Mammoth,  while  near  by  are  the  more 
ancient  ancestral  forms  of  Palaomastodotif  Moeritheriumy  etc.,  from 
£gypt,  together  with  the  Dinotherium  and  tbe  existing  African 
Elephant  to  *  round  up '  tbe  story  of  tbe  Proboscidea. 

On  the  modem  Zoological  side  advances  have  also  been  made 
towards  an  entente  cordials  between  tbe  recent  and  fossil  Reptilia, 
and  we  find  tbe  centre  of  tbe  gallery  occupied  by  tbe  newly 
acquired  skeleton  of  Diplodocus  Camegiei^  a  huge  Dinosaurian  land 
reptile,  80  feet  in  length,  from  the  Upper  Jurassic  strata  of  Wyoming 
Territory,  U.S.A.,*  surrounded  by  a  court  of  recent  Crocodiles, 
Tortoises,  Snakes,  and  Lizards,  whilst  pictures  and  casts  of  various 
fossil  forms  are  shown  in  tbe  cases  with  tbeir  recent  congeners. 

These  arrangements,  of  course,  partake  of  compromise,  but  it  would 
be  next  to  impossible  frequently  to  change  tbe  order  of  such 
vast  collections  as  are  preserved  in  tbe  National  Museum ;  the 
business  is  costly  in  tbe  extreme,  and  tbe  amount  of  labour  involved 
simply  stupendous.  Professor  Sir  Wm.  Flower,  tbe  late  Director, 
commenced  a  rearrangement  of  a  part  of  tbe  collections,  assisted  by 
Mr.  Lydekker,  one  of  the  most  active  and  energetic  of  zoologists ; 
bnt  Flower  died  in  1899,  and  although  Lydekker  has  continued  bis 
labonrs  in  association  with  Professor  Bay  Lankester,  tbe  present 
Director,  the  vast  work  of  reorganizing  the  Zoological  Galleries  is 
still  in  progress. 

»  See  Gbol.  Mao.,  December,  1905,  p.  576,  PI.  XXV. 
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Dealing  only  with  extinct  forms  (save  where  a  few  living 
representatives  have  been  introduced),  the  Keeper  of  the  Department 
of  Geology  and  Palaeontology,  Dr.  Arthur  Smith  Woodward,  and 
his  predecessor,  have  devoted  their  entire  energies  during  twenty- 
six  years,  since  the  removal  from  Bloomsbnry,  in  bringing  the 
great  collections  into  order,  and  in  the  preparation  of  catalogues  and 
guidebooks,  of  which  quite  a  large  number  have  been  published. 

Although  the  staff  at  the  Keeper's  command  is  but  small,  it  has 
been  most  efficient  in  carrying  on  the  general  work,  whilst  a  dozen 
or  more  scientific  experts,  specially  engaged,  have  taken  up  the  task 
of  naming  or  arranging  and  cataloguing  various  groups  to  which 
each  specialist  had  devoted  himself.  This  explains  the  very 
excellent  and  '  up-to-date '  appearance  of  the  palsaontological 
collections  generally,  both  in  the  matter  of  arrangement  and 
labelling,  to  which  especial  attention  has  been  paid. 

The  Guide  which  is  now  before  us — an  entirely  new  edition — 
contains  an  account  of  the  Reptiles,  Amphibians,  and  Fishes  which 
occupy  5  Galleries  ;  the  Eeptilia  taking  up  54  table  and  wall-cases, 
the  footprints  of  Eeptiles,  etc.,  3  wall-cases,  the  Amphibia  4  cases, 
and  the  Fishes  an  entire  Gallery,  fitted  up  with  61  wall  and 
table-cases.  Four  catalogues  appeared  between  1888  and  1890,  by 
Mr.  Lydekker,  on  the  Fossil  Eeptilia  and  Amphibia,  comprising 
over  1,200  pages  of  descriptions  and  273  woodcuts  in  the  text; 
but  since  then  the  collection  has  nearly  doubled  itself  in  extent. 

The  Guide  now  issued  is  so  splendidly  illustrated  that  it  brings 
the  account  of  this  part  of  the  Geological  galleries  well  up  to 
date.  Some  idea  of  the  excellence  of  the  figures  may  be  gained  by 
reference  to  the  accompanying  Plate  XII,  giving  a  view  of  two  skulls 
of  Miolania,  the  remarkable  horned  tortoise,  one  species  of  which 
was  found  in  the  so-called  Cretaceous  of  Patagonia,  the  other  in 
the  Pleistocene  of  Queensland,  Australia.  Another  illustration  given 
is  of  Diplodocus  Camegiei  (see  Geol.  Mao.,  December,  1905, 
Plate  XXV). 

Among  further  striking  and  important  additions  recently  made  to 
the  fossil  Eeptiles  on  the  eastern  side  of  the  building  may  be  mentioned 
the  setting  up  of  the  limbs  and  tail  of  a  Dinosaurian  land  reptile 
{Cetiosaurua  Leedsii)  discovered  by  Mr.  Alfred  N.  Leeds  in  the 
Oxford  Clay  near  Peterborough,  of  which  a  page-plate  is  given  in 
the  Guide.  It  was  a  beast  as  large  as  the  Diplodoeus,  and  closely 
allied  to  it. 

Another  striking  object  is  the  skeleton  of  a  huge  toothless  flying 
reptile  (Pteranodon  occidentalis)  from  the  Upper  Cretaceous  of  Kansas, 
U.S.A  llie  bones,  so  fisir  as  obtained,  are  mounted  on  a  life-size 
picture  of  the  complete  skeleton  in  wall-case  2,  at  the  east  end  of 
the  gallery.  The  total  expanse  of  the  wings  is  about  eighteen  feet. 
The  great  crest  on  the  back  of  the  skull  may  have  served  for  the 
attachment  of  some  of  the  muscles  which  moved  these  vast  wings. 

The  skeleton  of  Pariasaurua,  a  huge  Anomodont  reptile  from  the 
Karoo  Formation  of  Cape  Colony,  discovered  by  Professor  H.  G. 
Seeley ;  the  articulated  skeletons  of  two  Plesiosaurs,  reconstructed 
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Skulls  of  two  species  of  a  Homed  Tortoise  {Miolmii.i). 

A.  Miolania  arp-»A«a,  from  Ihe  supposed  Crelacenus  of  Chuhut ,  VaW?,>m 
&  M^^^  a^«,,  from  ,fc  PWsiocene  of  Queensland,  Auatafe. 
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firom  the  actual  bones  out  of  the  Oxford  Olay  near  Peterborough, 
obtained  by  Mr.  A.  N.  Leede ;  the  fine  aeries  of  lohthyosanrs  and 
Plesiosaors  on  the  walls ;  the  reprodaotion  of  the  Bemissart  Iguanodon 
from  Belgiam,  in  the  oentreof  the  gallery ;  and  lastly,  the  reoonstmcted 
skeleton  of  PolaeanthuB  Foxii,  an  armed  reptile  from  the  Wealden  of 
the  Isle  of  Wight  (see  Gsol.  Mao.,  June,  1905,  p.  242,  Plate  XII), 
make  np  a  most  attraotiye  and  striking  display  of  Mesossoio 
Beptilian  life. 

The  Fish  Oallery  has  always  been  a  magnifioent  exhibition,  and 

is  still  unsurpassed  by  any  o&er  in  the  world.    In  addition  to  all 

his  other  work  Dr.  Arthur  Smith  Woodward  has  spent  13  years  in 

the  production  of  four  large  volumes  on  the  series  of  Fossil  Fishes. 

covering  2,393  pages  of  text,  witli  138  text  illustrations  and  70  plates, 

indadiug  a  large  number  of  very  beautiful  outline  restorations  of 

special  genera.    The  latest  wonder  is  a  tail  of  the  gigantic  Leedria 

prcUematieaf  from  the  Oxford  Olay  of  Peterborough,  mounted  on  the 

east  wall  between  cases  13  and  14.    It  has  a  span  of  9  feet,  and 

probably  represented  a  fish  30  feet  in  length!    The  series  of  remains 

of  giant  armoured  Devonian  fishes  from  Ohio  of  the  genus  Diniehthy$ 

^rve  to  be  specially  mentioned,  and  the  nearly  complete  examples 

of  sharks,  Cladoeelaehe,  from  Cleveland,  Ohio  ^also  of  Devonian  age), 

Bome  of  which  were  5  to  6  feet  in  length,  snowing  the  jaws  with 

teeth,  the  paired  fins  and  tail,  with  the  outline  of  the  body. 

Another  group  of  curious  Palaoozsoic  sharks,  with  a  coiled  up  series 
of  teeth  (to  which  the  genus  Edestus  Davisii  belongs,  see  figure  and 
description.  Geol.  Mag.,  1886,  p.  1,  Plate  I),  has  been  discovered  by 
Professor  Earpinsky  in  the  Permo-Carboniferous  of  Perm,  Russia, 
having  a  coil  of  teeth  so  symmetrically  arranged  as  to  present 
a  close  resemblance  to  an  Ammonite  or  other  disooidally  coiled 
fouil  shell. 

We  wish  that  space  permitted  a  longer  notice,  for  the  collections 

We  described  and  illustrated  so  profusely  in  this  little  Guide,  deserve 

to  be  even  more  widely  known  than  they  are;  but  such  excellent 

Handbooks,  at  so  small  a  price,  are  sure  to  attract  students;  even 

the  ordinary  visitor,  more   bent   upon  pleasure  than   instruction. 

Cannot  fail  to  be  delighted  and  amused  and  take  away  with  the 

book  some  grains  of  knowledge.     But  it  is  especially  for  the  young 

that  these   beautiful  guidebooks  are  intended,  and   we  hope  the 

pictures  may  prove  an  attractive  bait  to  many  boys  and  girls  who 

Uiay  thus  turn  out  to  be  the  geologists  of  the  future. 
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GXOLOOIOAL  SOOIETT  OF   LoNDON. 

I.— January  24th,  1906 J.  E.  Marr,  ScD.,    F.RS.,    President, 

in  the  Ohair.    The  following  communications  were  read : — 

1.  "On  the  Igneous  and  Associated  Sedimentary  Books  of 
lilangynog  (Caermarthenshire)."  By  T.  Crosbee  Cantrill,  B.Sc.^ 
and  Herbert  Henry  Thomas,  M.A.,  F.G.S. 
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The  sedimentary  rooks  assooiated  with  ttie  various  igneoaa 
comprise  the  following : — 

LowEB  Old  Bed    Bed  marls  and  sandstones,  with  conutones  and  oonglomerateB  at 
Sandstone.  the  base. 

/  Didymograptut  bijldut  Beds.      Blne-Uaek  shales,  with  one  er 
OanoYiciAN         S     more  thick  bands  of  grit  towards  the  base. 

(Akenio).         j  Tetragraptui  Beds.      Black  and  bail  shales  with  thin  frit  bands: 
\     thick  bands  of  ashy  grits  and  conglomerates  towards  the  base. 

These  rooks  are  desorihed  in  detaiL  They  ooour  in  two  main 
anticlines,  overfolded,  and  oom  plicated  by  thrusts  which  out  oat 
a  great  part  of  the  intervening  synoline.  They  are  covered 
unconformably  by  the  lower  beds  of  the  Old  Bed  Sandstone.  Tha 
igneous  rooks  occur  in  three  well-defined  areas,  which  belong  to  tha 
same  petrographical  province,  near  Coomb,  at  Gapel  Bethesda,  and  at 
Lambstone.  Both  interbedded  and  intrusive  rooks  are  represented, 
and  full  petrographical  descriptions  of  all  types  are  given  in  the 
paper.  The  latter  include  diabases,  and  the  large  porphyry  mass 
of  Lambstone.  The  extrusive  rocks  have  been  determined  to 
occur  in  the  following  order: — (1)  augite-andesites ;  (2)  rhyolites; 
and  (3)  augite-andesites,  with  some  homblende-andesite.  The 
extrusive  rocks  are  interbedded  with  fluxion  breccias  and  with  tuffs ; 
they  are  associated  with  the  lower  members  of  the  Teiragraptm 
Beds,  and  are  consequently  of  Lower  Arenig  age ;  while  the  intrusive 
rooks  have  been  injected  into  the  extrusive  rocks,  and  have  also 
afifected  the  Tetragraptw  Beds,  but  at  what  date  exactly  it  is 
impossible  to  say,  except  that  it  antedates  the  Old  Bed  Sandstone. 
Much  of  the  folding  and  faulting  was  accomplished  before  the 
Lower  Old  Red  Sandstone  was  deposited,  but  certain  faults  involve 
this  formation,  and  make  it  clear  that  there  was  an  important  later 
movement 

2.  "The  Buttermere  and  Ennerdale  Granophyre."  By  Bobert 
Heron  Rastall,  B.A.,  F.G.S.  (Christ's  College,  Cambridge). 

This  paper  embodies  the  results  of  field-mapping  and  microscopical 
study  of  the  large  mass  of  igneous  rocks  known,  collectively, 
as  the  Buttermere  and  Ennerdale  Granophyre.  From  the  facts 
put  forward  it  is  concluded  that  the  intrusion  is  an  example  of 
an  acid  magma,  which  has  crystallized  under  the  peculiar  set  of 
conditions  that  gives  rise  to  a  very  perfect  development  of  granophyrio 
structure.  Tliese  conditions  are  probably,  to  a  certain  extent, 
intermediate  between  those  of  plutonio  and  true  hypabyssal  rocks. 
The  masses  appear  to  be  of  the  '  cedar-tree  '  laccolite  type  intrusive 
about  the  junction  of  the  Skiddaw  Slates  and  the  Borrowdale  rocks, 
but  penetrating  into  the  higher  rocks.  Besides  the  normal  acidic 
rock,  which  comprises  the  bulk  of  the  intrusions,  there  are  some 
marginal  patches  of  more  basic  character,  showing  obvious  geoetio 
relationship,  and  slightly  earlier  in  point  of  time  than  the  intrusion 
of  the  acidic  rock.  These  basic  forerunners  afiford  evidence  of 
dififerentiation  of  the  magna  before  intrusion — an  example  of  Professor 
Brogger's  deep  magmatio  differentiation.  Considered  as  a  whole, 
the  character  of  the  magma  shows  closer  affinity  to  the  tonalite 
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groap  than  to  the  tme  granites,  although  it  is  Bomewhat  more  acid 
than  the  majority  of  tonalites.  The  more  basic  types  include 
doleriteSy  quartz-dolerites,  and  a  rock  type  intermediate  between 
qnarts-dolerites  and  granophyres,  for  which  no  satisfactory  name 
seems  to  exist  There  is  also  a  deyelopment  of  peculiar  rock  types 
as  the  resnlt  of  the  re-mixing  of  previously  di£ferentiated  partial 
magmas  of  an  acid  and  a  basic  character  respectively.  A  study  of 
the  distribution  of  different  types  of  granophyric  structure  shows 
a  certain  regularity  of  arrangement,  and  an  attempt  is  made  ta 
leconoile  these  with  known  physical  laws,  especially  with  reference 
to  entectics;  and  it  is  concluded  that  the  structure  is  the  result  of 
crystallization  under  conditions  intermediate  between  those  which 
prodaoe  typical  plutonic  and  hypabyssal  rocks. 

n.— February  7tb,  1906.— J.  E.  Marr,  So.D.,  F.R.S.,  President,  in 
the  Chair.     The  following  communications  were  read  : — 

1.  "  The  Carboniferous  Limestone  (Avonian)  of  the  Mendip  Area 
(Somerset),  with  especial  reference  to  the  Palseontological  Sequence.*' 
By  Hiomas  Franklin  Sibly,  B.Sc,  F.G.S. 

The  Avonian  rocks  are  exposed  in  four  main  anticlinal  forms  or 
periclines — ^those  of  Black  Down,  North  Hill,  Pen  Hill,  and  Beacon 
Hill ;  each  of  which  has  an  approximately  east-and-west  trend  and 
has  Old  Bed  Sandstone  exposed  in  its  core.  Tiie  following  is  the 
zonal  succession : — 

Zones.  Subzoues  and  Horizons.  Feet. 


<  r  j\ii.         V   11  (  ^1-  Lousdalia  floriformxH.  \  i,,... 

3  [  ^*'"'^*y""'»   (  d'.  Libumphjllum  6.  ]  '^"^ 

""  '  &m.«H6i {!»•  Froduclm^S   Coramutf,  \  „, 

(  bi.   r.  CI.  svmxrettculatus  mut.  b,.  \ 


f  Syringothyris C.  S.  cmpidata.  550 

:   X 

ZaphrentU  {  f'  f  "^.■/"'■'"""'f'f-   ,  }    800 

.  X 

i'  Ka.  Spiriferitui  cf.  octoplicata.  \ 


Cieistopora 


Kj.  Froditt'ttis  bassm.  J    450 

M.    (iJf(x/to/a-phase.)  ) 


In  the  present  paper,  the  faunal  sequence  is  discussed  in  detail, 
attention  being  confined  almost  entirely  to  the  corals  and  brachio- 
pods,  which  predominate  throughout  the  series.  The  lithological 
character  of  each  zone  and  subzone  is  treated  briefly.  The  general 
fltratigrapby  of  the  area  is  briefly  dincussed,  reference  being  made  to 
the  more  important  forms.  Following  this,  the  exposures  examined 
are  classified  in  zonal  order,  and  tabulated  under  the  zonal  headings. 
The  beet  exposures  of  each  zone  receive  special  attention. 
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A  correlation  with  the  Bristol  area  brings  oat  the  following  more 
important  points.  The  fannal  snocession  is  essentially  similar  in 
the  two  areas ;  and  in  both  there  is  good  ground  for  a  twofold 
division  into  Clevedonian  and  Eidwellian  stages,  the  line  of  separation 
being  drawn  at  the  top  of  the  Syringothyris  Zone.  The  Mendip 
area  exhibits,  however :  (1)  a  great  expansion  in  the  thickness  of 
the  Zaphreniis  and  Syringothyris  Zones ;  (2)  a  continuoasly 
fossiliferous  sequence  from  the  top  of  the  Zaphrentis  Zone  to 
the  base  of  the  Semintda  Zone,  possessing  a  characteristic  coral 
and  brachiopod  fauna ;  and  (3)  a  relative  acceleration  of  the  coral 
fauna  on  the  brachiopod  fauna,  exhibited  in  the  Zaphreniis  Zone. 

The  paper  contains  a  detailed  account  of  the  Ebbor  Bocks 
District,  near  Wells,  and  concludes  with  notes  on  certain  corals  and 
brachiopods  included  in  the  faanal  lists,  together  with  descriptions 
of  some  new  species  and  mutations. 

2.  **  The  Igneous  Bocks  of  the  Eastern  Mendips."  By  Professor 
Sidney  Hugh  Beynolds,  M.A.,  F.G.S. 

The  igneous  rocks  associated  with  the  Old  Bed  Sandstone  of  the 
Mendips  are  exposed  along  the  crest  of  the  range  from  Beacon  Hill 
on  the  west  to  near  Downhead  on  the  east,  a  distance  of  rather 
more  than  2  miles.  Hitherto  they  have  fdways  been  regarded 
as  intrusive,  but  the  opening  of  some  new  excavations  has  shown 
that  they  are  associated  with  a  considerable  thickness  of  tu&,  and 
are  in  all  probability  contemporaneous  lava-flows. 

The  exposures  show  a  division  into  three  sections — those  of 
Beacon  Hill,  Moon's  Hill,  and  Downhead ;  and  a  large  quarry  has 
l>een  opened  in  the  trap  in  each  section.  The  trap,  which  can  be 
traced  fairly  continuously  from  one  end  of  the  area  to  the  other,  is 
very  uniform  in  character,  consisting  (as  already  noted  by  Dr.  Teall) 
of  a  uon-amygdaloidal  pyroxene-andesite,  which  usually  contains 
augite  in  addition  to  enstatite.  A  fine  section  of  tuff  some  100  feet 
thick  is  seen  lying  with  perfect  conformity  below  the  trap  in  the 
New  Quarry  near  Stoke  Lane ;  and  an  interesting  little  exposure  of 
tuff,  remarkable  for  the  numerous  rounded  blocks  of  trap  present, 
is  seen  in  tlie  excavation  for  the  rifle-butts  on  Beacon  Hill.  The 
tuff  here  dips  under  the  Old  Bed  Sandstone  to  the  north.  Although 
the  tuif  is  seen  tn  situ  only  at  the  above  two  points,  loose  pieces 
have  been  met  with  at  a  number  of  other  spots  all  along  the 
southern  outcrop  of  the  trap,  and  point  clearly  to  the  occurrence 
of  a  continuous  band  underlying  it. 

Though  no  sedimentary  rocks  are  seen  in  direct  contact  with 
those  of  the  igneous  series,  outcrops  of  Old  Bed  Sandstone  com- 
pletely surround  the  exposures  of  trap  and  tuff,  and  occur  in  such 
close  relation  to  them  as  to  leave  little  room  for  doubt  that  the 
igneous  series  is  of  Old  Bed  Sandstone  age.  On  the  other  band, 
Silurian  fossils  were  met  with  below  the  igneous  series  at  a  point 
to  the  west  of  Downhead,  and  render  it  possible  that  the  igneous 
rocks  may  be  of  Silurian  age,  and  the  equivalents  of  those  which 
are  exposed  at  Tortworth. 
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January  23rd,  1906 ;  Professor  H.  A.  Miers,  F.RS.,  President,  in 

the  ohair. — Studies  in  Crystallisation,  Sodium  Nitrate,  by  H.  A. 

Miers  and  J.  Chevalier.     Microsoopio  observations  were  mskde  upon 

flolnUona  of  known  strength  contained  in  open  tubes  or  sealed  tubes 

muntained  at  a  known  temperature,  or  in  the  form  of  drops  upon 

a  slide,  with  the   object  of  comparing  the  growth  of  crystals  in 

loetastable  and  labile  solutions  respectively.     The  limits  of  the 

labile  state  (in  which  the  solution  can  crystallise  spontaneously) 

have  been  fixed  by  previous  experiments  by  H.  A.  Miers  and  Miss 

F.  Isaac.     If  a  crystal  of  the  salt  be  introduced  into  a  supersaturated 

solution  which  is  not  labile,  the  centres  of  growth  of  new  crystals 

are  on  its  surface,  and  they  grow  in   parallel  positions  upon  it; 

if  it  he  introduced  into  a  labile  solution  the  new  centres  of  growth 

are  in  its  neighbourhood,  and  the  crystals  fall  upon  it  in  various 

positions.      If  it  be  moved  about  in  either,  a  cloud  of  crystals 

iB  produced ;  but  in  the  metastable  solution  this  appears  to  be  due 

to  minute  crystals  which  are  swept  from  its  surface.     A  crystal 

baving  appeared  spontaneously,  can   continue  to  grow  in  a  labile 

iolution  without  producing  others   in    its    neighbourhood;    but  if 

introduced,  it  at  once  produces  a  cloud.     This  may  be  because  the 

growing  crystal  is  surrounded  by  a  zone  of  metastable  solution. — 

Oeikielite  and   the    Ferro-magnesian  Titanates,  by  T.  Crook  and 

B.  M.   Jones.     Geikielite  occurs    in    association   with  magnesian 

menaccanite  and  common  ilmenite  (menaccanite)  in  the  gem  gravels 

of  the  Balangoda  and  Rakwana  districts  of  Ceylon.     A  considerable 

number  of  analyses  indicate  that  Geikielite  varies  in  composition,  the 

iron  oxides  ranging  from  8  to  14  per  cent.     No  specimen  Las  hitherto 

been  found  which  contains  less  than  8-1  per  cent,  of  iron  oxide.    For 

this  reason  the  formula  (MgFe)  Ti  O3  is  preferable  to  MgTiOg,  as 

expressing  the  true  composition  of  Geikielite.    Magnesian  menaccanite 

containing  about  28  per  cent,  of  iron  oxide  is  very  closely  allied  to 

Greikielite  in  all  its  properties,  more  so  than  to  common  ilmenite. 

The  alteration  products  of  Geikielite  are  similar  to  those  of  ilmenite, 

consisting  of  rutile  and  so-called  leucoxene;    the  latter  is  a  mixture 

of  amorphous  titanic  acid,  sphene,  and  limonite.     It  seems  advisable 

to  classify  the  ferro-magnesian  titanates  as  Ilmenites  and  Goikielites, 

treating  magnesian  menaccanite  (which  has  tho  formula  (Fe  Mg) 

Ti  O,  where  Fe  :  Mg  =  1  :  1)  as  the  middle  member  of  the  series. — 

G.  F.  Herbert  Smith  exhibited  and  explained  the  use  of  a  diagram 

for    the   graphical  determination  of  the  refractive  index  from  the 

prism  angle  and  the  angle  of  minimum  deviation.     He  also  explained 

a  simple  test  for  ascertaining  the  pair  of  faces  corresponding  to  any 

refracted  image. 

ooI^I^Es:poI5T■^DE]I5T■o:E3. 

MACHINE-MADE    IMPLEMENTS. 
Sib, — Sinoe  this  article  appeared,  I  have  been  able,  in  company 
with  Mr.  C.  Bird,  F.G.S.,  of  Rochester,  to  visit  a  chalk  wash-mill  at 
the  Borstall  Cement  Works  near  that  city. 
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I  found  that  the  maohinery  used  was  mnoh  the  same  as  that  in  the 
briokearth  waeh-mills  referred  to  in  my  article  of  February,  1906, 
but  I  learnt  this  most  important  pieoe  of  information,  not  hitherto 
mentioned  by  anyone  as  far  as  I  have  been  able  to  disoover,  vis., 
that  during  the  2  days,  or  29  hours,  that  the  mill  is  at  work, 
freah  charges  of  chalk  are  introduced ;  this  is  of  the  utmost  importance, 
as  it  affects  materially  the  results  obtained.  I  had  only  a  very  short 
time  for  my  visit,  but  I  think  I  got  all  the  available  information. 
The  men  told  me  that,  as  at  Mantes,  they  removed  all  the  visible 
flints,  so  that  the  remaining  ones,  which  they  do  not  want,  are  those 
concealed  in  the  chalk.  I'he  harrows  also,  as  in  the  Mantes  mills, 
do  not  come  within  some  inches  of  the  bottom  of  the  basin,  and  the 
speed  would  appear  to  be  the  same  at  Borstall  as  at  Mantes. 

From  the  flint  refuse  heap,  ''  the  heap  of  Eoliths "  as  M.  Boule 
styles  them,  I  got  a  very  good  selection,  some  of  which,  as  the  men 
were  able  to  tell  me,  had  been  in /or  the  full  time,  and  some  of  which 
had  been  in  for  only  part  of  the  time. 

Now  from  those  that,  had  been  in  for  otdy  pari  of  the  ftnte  I  got 
some  flints  that,  if  photographed,  would  give  very  fair  samples  of 
Eoliths,  though  not  comparable  otherwise  in  true  work,  some 
showing  bulbs  of  percussion  and  the  fractures  so  polished  that  they 
have  quite  an  old  look.  My  own  attempts  at  forgeries  are  useful, 
as  they  show  me  that  I  can  produce  in  a  short  time  this  old  polish, 
where  the  flint  allows  of  this.  So  that  I  was  quite  prepared  for  the 
apparent  old  polish  on  newly  fractured  flints  from  tiie  chalk.  Some 
of  these  had  still  on  them  some  of  the  white  crust  of  flints  fresh  from 
the  chalk. 

But  those  flints  that  had  been  in  the  full  time  were  quite  different 
from,  and  not  Eoliths  at  aU.  These  must  have  sunk  to  the  bottom, 
quite  out  of  reach  of  the  harrows,  the  '^ quasi-human  element" 
referred  to  in  my  article  of  February,  and  thus  were  the  results 
ultimately  of  water-action  only,  highly  charged  of  ooarae  with 
ohalk  mud.  These  come  out  as  almost  perfectly  smooth  spkeres,  and 
quite  unlike  any  naturally  water-worn  pebbles,  and  what  one  would 
naturally  expect  to  be  the  outcome  of  flints,  rotated  at  an  uniform 
speed  in  a  circular  basin,  and  under  conditions  that  do  not  oetmr 
in  nature,  save  perhaps  in  a  <  giant-cauldron.' 

Those  flints  that  go  in  last,  especially  if  the  spaee  beyond  the  reach 
of  the  harrows  be  fully  occupied,  must  be  more  or  less,  daring  that 
time,  in  contact  with  the  harrows,  and  these  are  the  pseudo-Eoliths. 

So  that  we  have  this  point,  1  think,  clearly  shown,  and  for  the  first 
time  in  this  machine-made  implement  controversy,  that  the  pseudo- 
Eoliths  are  the  result  of  the  pseudo-human  element  represented  by 
the  harrows,  and  that  the  pseudo-torrent  action,  apart  from  the 
harrows,  only  produces  spheres,  I  made  a  selection  of  these  from  the 
battered,  buffeted,  rough,  and  imperfect,  to  the  smooth  and  almost 
perfect  sphere.  F.  J.   Bennxtt. 

"West  Mallino. 

February  14M,  1906. 
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L-— Lamabok  and  Platfaib:  A  Oeologioal  Bbtbospeot  ot  the 

Yeab  1802.1 

By  Sir  Abchibald  Gbikie,  Sc.D.,  D.C.L.,  LL.D.,  Sec.  B.S., 
President  of  the  Geological  Society. 

'HEN  the  "Allianoe  Frangaise"  did  me  the  honour  of  inviting 

TT    me  to  give  an  address  on  this  interesting  oocasion,  the  ohoioe 

of  an  appropriate  suhjeot  of  discoarse  presented  at  first  some  little 

difficnltj.     On  the  one  hand,  as  a  representative  of  scienoe  in  the 

''Alliance  Franco-Britannique/'  it  appeared  to  be  inoambent  upon 

ffle  to  choose  some  topic  of  a  scientific  kind,  and  by  preference  one 

which  would   in   some  way  link  our  two   countries   together  in 

common  bonds  of  assooiatiou.     On  the  other  hand,  it  was  obviously 

inadvisable  that  the  theme  should  be  of  a  technical  character  which 

would  be  little  suited  for  a  general  audience.      After  some  reflection 

I  decided  to  present  for  your  consideration  a  brief  account  of  two 

rsmarkable  volumes,  both  of  which,  dealing  with  geological  questions, 

appeared  in  the  year  1802,  the  one  in  Paris,  the  other  in  Edinburgh. 

Though  the  political  sympathies  which  for  so  many  generations 

had  linked  France  and  Scotland  in  a  friendly  alliance  had  fallen 

somewhat  into  abeyance  by  the   beginning  of  last  century,   the 

two  nations  still  continued  to  be  drawn  to  each  other  in  the  realms 

of  culture  by  a  common  ardour  in  the  prosecution  of  science  and 

philosophy,   and   by   the   mutual  reaction   which,   in   these  great 

domains  of  human  thought,  they  exerted  on  each  other. 

At  the  time  which  I  have  selected  for  review,  the  science  of 
geology,  though  still  in  its  infancy,  had  awakened  widespread 
interest  on  both  sides  of  the  Channel.  The  French  and  English 
observers  who  pursued  it  kept  themselves,  for  the  most  part,  in  touch 
with  the  progress  of  enquiry  in  both  countries.  Thus,  it  is  pleasant 
to  remember  that  Desmarest,  one  of  the  brightest  lights  in  the 
history  of  French  geology,  though  he  had  determined  not  to  notice 
in  his  great  "Geographic  Physique"  the  work  of  living  writers, 
departed  from  his  rule  in  order  to  give  his  fellow-countrymen  an 

1  An  address  deliyered  before  the  "  Alliance  Fran^alse  *'  in  the  Sorboone,  Paris, 
on  26th  February,  1906. 
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aooount  of  the  important  memoir  in  which  the  illustrious  Scottish 
geologist,  Hutton,  had  then  recently  published  the  first  sketch  of  his 
"Theory  of  the  Earth."  On  the  other  hand.  Button,  by  the 
numerous  references  and  citations  in  his  writings,  showed  how 
closely  he  had  studied  and  how  generously  he  appreciated  the 
publications  of  his  French  contemporaries. 

Looking  backward  to  the  beginning  of  the  nineteenth  century, 
we  see  the  European  geologists  of  that  time  ranged  in  two  opposite 
schools,  which  might  be  called  hostile  camps,  that  waged  with  each 
other  an  animated  and  prolonged  warfare.  Not  until  after  the  chief 
antagonists  of  that  time  had  one  by  one  passed  away  did  the  feud 
finally  die  out.  On  the  one  side,  the  crowded  ranks  of  the 
Neptunists  marched  under  a  banner  on  which  was  boldly  emblazoned 
the  war-cry  of  **  Water."  These  militant  theorists  maintained,  as 
the  cardinal  article  of  their  faith,  that  our  globe  was  once  surrounded 
with  an  universal  ocean,  from  whose  waters  the  oldest  rocks  of  the 
terrestrial  crust  were  successively  deposited  as  chemical  precipitates. 
They  scouted  the  notion  that  the  earth  possessed  a  highly  heated 
interior,  and  nicknamed  as  'fire-philosophers'  those  who  held  such 
a  belief.  They  contemptuously  dismissed  the  idea  that  any  of  the 
rocks  of  the  crust  had  been  erupted  from  below  in  a  molten 
condition.  They  accounted  for  volcanoes  by  boldly  reviving  the 
ancient  hallucination  that  they  were  caused  by  the  accidental 
ignition  of  subterranean  beds  of  coal.  Hence  as,  on  that  supposition, 
volcanic  action  could  only  have  come  into  existence  after  vegetation 
had  flourished  for  a  long  time  upon  the  surface  of  the  earth,  so  as  to 
form  there  thick  deposits  of  combustible  materials,  they  affirmed 
that  the  appearance  of  volcanoes  must  be  a  comparatively  late 
phenomenon  in  the  history  of  our  planet.  They  had  not  the  least 
conception  of  any  source  of  energy  lodged  in  the  interior  of  the 
earth.  The  broken  and  convoluted  rocks  of  mountain  -  chains 
awakened  in  these  men  no  doubt  of  the  fundamental  trutli  of  their 
doctrine,  for  they  complacently  explained  these  stupendous  structures 
as  nothing  more  than  the  natural  result  of  the  dessication,  fissuring, 
and  subsidence  of  the  universal  aqueous  deposits. 

On  the  other  side  of  the  field  of  battle,  the  phalanx  of  the 
Plutonists  or  Vulcanists,  less  numerous  but  not  less  confident 
and  strenuous,  proudly  brandished  their  flag  which  bore  the 
watchword  "  Fire."  With  much  more  tolerance  than  was  shown 
by  their  opponents,  these  combatants  freely  admitted  that  a  large 
part  of  the  earth's  crust  undoubtedly  consists  of  materials  that  were 
laid  down  in  the  sea.  But  they  contended  that  the  subsequent 
uplifting  of  these  materials  into  dry  land  and  ranges  of  mountains 
arose  from  the  expansive  power  of  heat  within  the  globe. 
Following  Descartes  and  Leibnitz,  they  conceived  that  this  intensely 
hot  interior  was  the  source  whence  many  crystalline  rocks  had  been 
forced  upward  into  the  cooler  crust,  and  that  from  the  same  source 
the  activity  of  modern  volcanoes  is  still  derived. 

The  dust  and  din  of  this  warfare  have  long  since  subsided. 
Looking  back  from  the  point  at  which  we  have  now  arrived  in  the 
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onward  mardh  of  scienoe,  we  may  well  wonder  that  suoh  a  contro- 
vert should  ever  have  arisen  at  all,  or  that  having  been  started 
it  should  have  been  waged  so  keenly  and  for  so  long.  We  must 
remember,  however,  that  in  those  days  the  range  of  actual  definite 
knowledge  in  regard  to  geological  processes  was  still  comparatively 
narrow,  while  at  the  Bame  time  the  natural  tendency  to  speculation 
and  theory  could  be  indulged  in  without  much  hindrance  from  the 
control  of  ascertained  fact.  On  both  sides  of  the  dispute,  imagination 
played  a  not  unimportant  part  in  the  theoretical  views  proposed ; 
but  in  this  respect  the  partizans  of  Water  must  be  allowed  to  have 
itood  pre-eminent.  Their  complacent  defiance  of  the  laws  of  physics 
and  chemistry,  imperfectly  as  these  were  appreciated  a  hundred  years 
ago,  is  one  of  the  most  curious  episodes  in  the  history  of  geology. 
The  advocates  of  Fire  came  much  nearer  to  the  truth  as  we  now 
anderstand  it,  though  they  too  were  inclined  to  push  their  distinctive 
opinions  somewhat  further  than  the  known  facts  warranted. 

It  was  while  this  contest  of  the  rival  schools  had  reached  its 
height  that  the  two  volumes  to  which  I  wish  to  ask  your  attention 
made  their  appearance.  Between  the  respective  writers  of  these 
books — Jean-Baptiste  de  Lamarck  and  John  Playfair — some  curious 
parallels  may  be  remarked.  They  were  both  intended  by  their 
parents  to  become  ecclesiastics,  the  one  in  the  Roman  Catholic 
Church  of  France,  the  other  in  the  Protestant  Kirk  of  Scotland,  but 
both  eventually  drifted  into  the  ranks  of  science.  Neither  of  them 
was  a  professed  geologist,  but  was  engaged,  during  most  of  his 
career,  in  the  prosecution  and  teaching  of  widely  diiFerent  branches 
of  knowledge.  Both  of  them  had  passed  middle  life  before  they 
appear  to  liave  given  much  thought  to  the  problems  of  geology,  and 
neither  of  them  published  any  special  work  on  the  subject  save  the 
volume  which  appeared  in  1802.  Each  was  led  by  a  different  path 
into  the  geological  field  of  observation  and  theory,  and,  so  far  as 
known,  neither  had  any  acquaintance  with  what  the  other  was 
engaged  upon.  While  they  entered  upon  the  consideration  of  the 
fiubject  from  opposite  sides  of  enquiry,  they  both  endeavoured  to 
take  a  broad  view  of  Nature  in  order  to  frame  a  connected  scheme 
of  geological  philosophy.  And  lastly,  both  sought  to  establish  what 
in  the  language  of  their  day  was  called  a  "  Theory  of  the  Earth  '* — in 
other  words,  a  systematic  grouping  and  discussion  of  the  various 
processes  whereby  geological  changes  are  effected. 

Among  the  recorded  careers  of  men  of  science,  none  surely  is 
more  picturesque  than  that  of  Lamarck.  Born  in  1744,  of  an  old 
but  not  opulent  family  long  settled  in  Picardy,  ho  was,  as  I  have  said, 
originally  destined  for  the  Church,  but  when  a  lad  of  no  more  than  17 
the  martial  traditions  of  his  race  proved  too  strong  to  be  fettered  by 
ecclesiastical  restraints,  and  on  the  death  of  his  father  he  boldly 
set  out  to  offer  himself  as  a  volunteer  in  the  French  Army,  then  at 
war  in  Germany.  He  arrived  at  the  front  on  the  ove  of  a  battle, 
at  which  he  next  day  so  distinguished  himself  for  his  coolness  and 
bravery  that  he  was  at  once  promoted  on  the  field  to  be  an  officer. 
Owing,  however,  to  an  accident  that  happened  to  him  not  long  after 
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the  declaration  of  peace,  he  had  to  leave  the  Army.  Already  he 
had  acquired  a  stroDg  liking  for  botanical  pursuits,  and  in  spite  of 
his  struggle  with  poverty  he  was  able  to  devote  himself  with  so 
much  ardour  and  success  to  these  studies  that  before  many  years 
were  passed  he  published,  under  Buffon's  auspices,  his  *'  Flore 
Fran9aise,"  and  was  soon  acclaimed  as  one  of  the  most  eminent 
botanists  of  his  day.  In  watching  the  progress  of  his  career  we  see 
how,  through  the  terrors  of  the  Bevolution,  he  remained  quietly  at 
the  post  which  he  had  obtained  at  the  Jardin  des  Plantes ;  how  he 
pleaded  successfully  for  the  adequate  endowment  and  reorganisation 
of  that  institution  and  of  the  Museum  d'Histoire  Naturelle ;  how  at 
last  when  50  years  of  age  he  was  offered  a  Professorship  at  the 
Museum,  not  of  botany,  to  which  he  had  till  then  devoted  his  life, 
but  of  invertebrate  zoology,  which  he  had  not  specially  studied ; 
how,  with  a  courage  and  self-reliance  not  less  marked  than  he  had 
shown  on  the  battlefield,  he  accepted  the  appointment,  and  after 
middle  life  began  to  acquire  and  then  to  teach  what  was  to  him 
a  new  science ;  and  how  before  the  lapse  of  many  years  he  made 
himself  the  most  philosophical  zoologist  of  his  time,  and  the  pioneer 
of  the  modern  doctrine  of  biological  evolution.  Tear  after  year  be 
continued  his  indefatigable  researches  and  issued  his  voluminous 
publications,  until  his  eyesight  gave  way,  and  he  spent  the  last  ten 
years  of  his  life  in  blindness.  But  even  pnder  this  grievous 
infliction  he  refused  to  quit  his  task.  Sustained  by  the  devoted 
affection  of  his  eldest  daughter,  to  whom  he  dictated  the  concluding 
volume  of  his  immortal  '*  Animaux  sans  Yert^bres,"  he  survived  to 
reach  the  ripe  age  of  85. 

During  his  studies  as  ''  Professor  of  zoology,  of  insects,  worms, 
and  microscopic  animals,"  Lamarck  perceived  the  importance  of 
connecting  his  investigation  of  living  forms  with  an  examination 
of  the  extinct  types  preserved  in  the  various  formations  of  the 
earth's  crust.  He  saw  that  the  organic  remains  in  the  rocks  not 
merely  furnish  materials  for  elucidating  the  structure  and  affinities 
of  living  animals,  but  supply  data  for  the  interpretation  of  the 
ancient  history  of  the  globe.  So  vigorously  did  he  prosecute  his 
researches  and  so  deeply  did  he  leave  his  mark  on  this  great  depart- 
ment  of  natural  history,  that  he  is  now  everywhere  acknowledged 
to  be  not  less  entitled  to  the  name  of  founder  of  Invertebrate 
Palsdontology  than  his  great  contemporary  Ouvier  is  to  that  of 
founder  of  the  Vertebrate  division  of  that  science.  It  was  doubtless 
in  the  course  of  his  investigation  of  fossil  organisms  that  Lamarck's 
attention  became  rivetted  to  the  consideration  of  some  of  the  more 
important  problems  in  the  domain  of  geology.  That  he  had 
pondered  long  and  profoundly  over  them  and  sought  their  solution 
by  original  methods  of  his  own  device  was  at  last  revealed  to  the 
world  by  bis  publication  of  a  treatise  to  which  he  gave  the  name  of 
'' Hydrogeologie."  This  was  a  small  volume  of  268  pages  which 
made  its  appearance  at  the  beginning  of  the  year  1802,  eight  years 
after  his  appointment  as  Professor  at  the  Museum.  It  never  reached 
a  second  edition ;  indeed,  it  would  appear  to  have  excited  bat  little 
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interest  among  bis  oontemporariee.  His  crude  speculations  in 
physics  and  chemistry  were  not  unnaturally  regarded  as  the 
sberrations  of  a  genius  of  which  no  serious  notice  need  be  taken, 
and  bis  geological  observations,  some  of  which  were  at  least  as 
original  and  singular,  seem  to  have  been  thought  worthy  of  no 
better  treatment.  He  inveighed  against  the  methods  and  conclusions 
of  the  physicists  and  chemists  of  his  day,  though  he  does  not  appear 
to  have  himself  studied  these  sciences  experimentally,  but  to  have 
evolved  bis  ideas  regarding  them  out  of  his  own  fertile  brain.  He 
went  so  far  in  his  opposition .  to  the  current  beliefs  as  to  declare 
that  even  although  the  whole  world  should  accept  them  he  would 
be  content  to  remain  the  solitary  disbeliever.*  He  would  seem  to 
have  been  as  good  as  his  word,  and  to  have  scouted  modem  physics 
and  cbemistry  as  long  as  he  lived. 

Tet  in  neglecting  his  little  volume,  his  contemporaries  and  their 
snooessors  failed  to  perceive  that  amidst  all  its  strange  conceptions  it 
made  some  really  valuable  contributions  to  a  sound  theory  of  the 
earth.  In  judging  it  we  must  bear  in  mind  the  general  ignorance 
then  prevalent  as  to  what  are  now  seen  to  be  most  obvious  and 
elemental  facts  about  the  history  of  our  globe ;  likewise  the  baneful 
influence  of  the  orthodox  theological  creed  that  only  some  6,000 
years  bad  passed  away  since  the  creation  of  the  universe.  We 
sbonld  remember,  too,  that  the  internecine  dispute  between  the 
Neptnnists  and  the  Plutonists  had  brought  discredit  on  the  study  of 
geology,  which  was  taunted  as  a  mere  field  of  strife  and  visionary 
speculation,  wherein  men  were  too  often  guided  rather  by  their 
desire  to  uphold  their  own  theories  or  damage  those  of  their 
opponents  than  by  the  wish  patiently  to  collect  the  facts  that  would 
ultimately  establish  the  truth. 

Lamarck  belonged  to  neither  of  the  hostile  schools,  and  he  makes 
no  allusion  to  them  in  his  treatise.  It  is  refreshing  to  turn  from  the 
angry  debates  and  trifling  observations  of  the  time  to  his  calm 
philosophical  pages,  and  to  come  into  touch  there  with  a  great 
mind  which  contemplated  Nature  as  a  whole  and  sought  after  the  true 
Interpretation  of  her  working.  He  was  essentially  a  biologist,  and 
he  was  led  to  enter  the  geological  domain,  not  as  a  partizan  of  any 
of  the  theories  of  the  day,  but  as  an  ardent  enquirer  into  the  history 
of  life  upon  the  earth.  He  appeared  as  a  bold  pioneer  into  the  vast 
and  still  little  known  field  of  the  geological  past,  and  though,  as  was 
only  natural  and  at  the  time  hardly  avoidable,  he  wandered  from  the 
track,  he  yet  succeeded  in  opening  up  some  pathways  where  no 
previous  explorer  had  appeared,  and  in  clearing  and  widening  others 
that  had  already  been  partially  trodden. 

One  fundamental  truth  was  vividly  realised  and  eloquently 
proclaimed  by  Lamarck.  At  a  time  when  the  orthodox  six 
thousand  years  were  still  generally  believed  to  limit  the  age  of 
the  earth,  be  had  acquired  a  profound  conviction  of  the  high 
antiquity  both  of  the  globe  itself  as  a  planet,  and  of  the  plant  and 
animal  life  tbat  has  flourished  on  its  surface.     Again  and  again  in 


1  « 


Hydrog^ologie,"  p.  167. 
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his  "  Hydrog6ologie "  he  pauses  to  dwell  on  this  great  &ot  of 
terrestrial  history.  **  To  Nature/*  he  remarks,  *'  time  is  nothing  and 
is  never  a  difficulty.  She  always  has  it  at  her  disposal  as  a  mean» 
without  limit  for  the  accomplishment  of  the  greatest  as  well  as  of 
the  least  of  her  labours  "  (p.  67).  '*  From  the  evidence  furnished 
by  the  earth's  crust  and  by  the  mass  of  the  mountains,  the  antiquity 
df  this  globe  is  seen  to  be  so  vast  as  to  be  absolutely  beyond  the^ 
power  of  man  to  appreciate"  (p.  88).  "Yet  how  much  will  this 
antiquity  seem  to  increase  in  man's  eyes  when  he  shall  have  been 
able  to  form  a  true  idea  of  the  origin  •of  living  bodies,  as  well  as  of 
iiie  gradual  development  and  perfection  of  these  bodies ;  and,  above^ 
all,  when  he  shall  recognise  that  lapse  of  time  and  the  necessary 
conditions  having  been  required  to  bring  into  existence  all  the 
living  species  which  are  now  to  be  seen,  he  is  himself  the  final 
result  and  present  maximum  of  this  development,  of  which  the 
ultimate  limit,  if  such  should  exist,  can  never  be  known  "  (p.  89). 

Another  essential  principle  of  geology  was  recognised  by  Lamarck 
perhaps  more  clearly  than  by  any  of  his  predecessors  since  the  time 
of  Aristotle — the  principle  of  constant  change  upon  the  surface  of 
the  earth.  The  limited  range  of  knowledge  then  available  on  this 
subject  prevented  him,  indeed,  from  forming  any  adequate  conception 
of  one  great  side  of  it.  He  did  not  recognise  that  besides  the  various 
agents  that  take  their  origin  and  do  their  work  on  the  surface  of  the 
earth,  there  is  another  powerful  source  of  enei^  lodged  within  the 
interior  and  manifesting  itself  from  time  to  time  by  slow  or  by 
sudden  movements  that  more  or  less  change  the  face  of  the  globe. 
He  writes,  indeed,  of  local  catastrophes  and  of  the  elevations, 
subsidences,  and  heapings-up  of  material  which  may  now  and  then 
result  from  volcanoes  and  earthquakes  (pp.  83,  97),  but  that  he- 
oould  have  bad  no  adequate  conception  of  the  probable  condition  of 
the  earth's  interior  and  of  its  reaction  on  the  surface  may  be  inferred 
from  his  still  accepting  the  ancient  error  that  all  volcanoes  on  the 
earth  derive  their  heat  and  energy  from  the  combustion  of  seams  of 
coal  and  other  inflammable  materials  buried  within  the  crust  of  the 
earth  (p.  111).  Nor  does  he  appear  to  have  had  any  notion  of  the 
natural  operations  whereby  land  is  elevated  and  mountain-chains  are 
upheaved,  for  he  explained  these  phenomena  by  a  hypothesis  which 
was  hardly  less  extravagant  than  some  of  his  speculations  in  physice 
and  ohemistr}'.  Thus  he  held  that  the  ocean-basins  have  been 
scoured  out  of  the  surface  of  the  globe  by  the  erosive  action  of  the 
sea,  which,  in  virtue  of  its  tidal  oscillation  and  westward  movement, 
attacks  the  eastern  coasts  of  the  continents,  and  throws  up  its  detritus- 
on  their  western  shores.  He  thought  that  in  this  viray  the  vast 
hollow  that  holds  the  oceanic  waters  actually  travels  round  the  globe, 
and  has  done  so  completely  more  than  once  in  the  earth's  history, 
each  revolution  requiring  a  period  of  nine  hundred  millions  of  years- 
for  its  accomplishment  (pp.  178,  266). 

When  he  contemplated  the  progress  of  the  changes  that  take 
place  upon  the  surface  of  the  earth  Lamarck  stood  on  firmer  ground, 
for  he  drew  his  conclusions  more  from  tlie  facts  of  observation  thaa 
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from  the  fancies  of  nntenable  theory.  In  his  snnrey  of  these  sapeiv 
ficial  changee  be  was  more  particularly  straok  by  the  far-reaohing 
importance  of  those  which  reeolt  from  the  miiyersal  decay  of  the 
iiiHiM)e  of  the  land  and  the  removal  of  the  disintegrated  material 
to  the  bed  of  the  sea.  This  impressive  department  of  geological 
science  bad  attracted  attention  from  an  early  period,  and  bad  been 
especially  studied  by  more  than  one  observer  during  Lamarck's 
lifetime.  His  great  contemporary  Hutton,  for  example,  bad  made 
it  a  cardinal  feature  in  the  scheme  of  bis  theory  of  the  earth.  The 
French  naturalist,  however,  though  he  was  probably  indebted  to  the 
work  of  his  predecessors,  appears  to  have  acquired  a  more  vivid 
^tpreciation  than  any  of  them  of  the  several  processes  that  con- 
tribute towards  the  universal  degradation  of  the  dry  land.  He 
perceived  that  nothing  in  Nature  can  ultimately  resist  the  various 
atmospheric  influences  which  are  ceaselessly  at  work  upon  every 
portion  of  the  earth's  surface  exposed  to  their  attacks.  But  in  his 
little  treatise  he  does  not  dwell  on  this  part  of  his  subject,  contenting 
himself  with  a  brief  enumeration  of  these  influences,  in  which  he 
dearly  distinguishes  the  effect  of  alternate  wetness  and  dryness,  of 
heat  and  cold,  and  more  particularly  of  frost.  The  general  effect 
of  the  combined  operation  of  these  subaerial  agencies  is  pronounced 
by  him  to  be  the  ultimate  destruction  of  every  aggregation  of 
mineral  matter,  although  the  rate  of  advance  of  this  disintegration 
nnat  greatly  vary,  according  to  the  nature  and  condition  of  the 
materials  on  which  it  acts  (pp.  10,  11). 

In  one  important  respect  Lamarck's  outlook  upon  Nature  differed 
from  that  of  any  previous  or  contemporary  observer  who  occupied 
himself  in  the  study  of  geological  processes.  Before  his  time  it  was 
the  inorganic  series  of  these  processes  which  almost  exclusively 
received  attention.  But  Lamarck  was  led  to  contemplate  the  whole 
snbject  from  the  biological  side.  His  long  years  spent  in  the 
investigation  of  plants  and  his  subsequent  absorbing  researches  in 
the  animal  kingdom  had  profoundly  impressed  him  with  the  im- 
portance of  what  he  called  the  *  Pouvoir  de  la  Vie  ' — the  power  of 
living  organisms  to  build  up  substances  and  structures  which  could 
have  arisen  through  the  operation  of  no  inorganic  agents.  He  had 
already,  in  some  of  his  published  memoirs,  called  attention  to  this 
great  subject  and  formulated  some  of  the  conclusions  to  which  he 
had  been  led,  and  he  now  devoted  to  its  discussion  the  longest 
chapter  of  his  little  geological  treatise.  To  him  the  processes  of 
life  formed  one  of  the  grand  elemental  forces  of  Nature,  independent 
of  but  co-operating  with  the  various  physical  agencies  in  building 
up  the  materials  of  the  terrestrial  crust,  and  in  effecting  the  constant 
decay  and  reconstruction  of  the  surface  of  the  earth.  It  is  only  of 
late  years  that  the  efficacy  of  plant  and  animal  life,  as  a  department 
of  dynamical  geologyi  has  been  generally  recognised,  although  we  are 
still  far  from  having  discovered  all  the  various  ways  in  which  organic 
bodies,  living  and  dead,  produce  changes  in  the  mineral  kingdom. 

There  can  be  no  doubt  that  in  this  matter  Lamarck  realised  far 
moire  dearly  than  had  ever  been  done  before  that  the  organic  world 
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plays  an  important  part  among  the  geological  operations  wbioh 
change  the  surface  of  the  earth.  Had  he  been  content  to  state  in 
explicit  terms  the  facts  of  observation  on  which  he  relied,  and  to 
put  forward  tentatively,  or  at  least  less  dogmatically,  the  conclusions 
which  he  drew  from  them,  his  views  would  not  improbably  have 
received  the  attention  to  which  they  would  then  have  been  justly 
entitled.  But  he  submitted  no  evidence  in  support  of  his  confident 
asseverations.  He  made  statements  as  if  they  expressed  admitted 
truths,  when  in  reality  they  were  for  the  most  part  either  disputable 
or  actually  contrary  to  already  ascertained  fact.  On  such  an 
unreliable  basis  his  characteristic  ardour  led  him  to  build  a 
stupendous  speculation,  in  the  promulgation  of  which,  besides  giving 
flight  to  his  winged  imagination,  he  was  able  at  the  same  time  to 
proclaim  his  own  peculiar  chemical  views  and  to  express  once 
more  his  scornful  dissent  from  the  prevailing  chemistry  of  his  day. 
It  can  hardly  be  matter  for  surprise  that,  as  he  himself  complained, 
his  opinions  on  these  matters  met  with  no  serious  attention. 

It  is  interesting  to  trace  the  logical  process  by  which  so  gifted 
a  genius  arrived  at  conclusions  to  which  his  contemporaries  would 
pay  no  heed,  and  which  his  successors  have  consigned  to  oblivion. 
The  external  crust  of  the  earth,  which,  in  his  opinion,  might  be 
three  or  four  leagues  in  thickness,  consists  of  various  minerals  and 
rocks  almost  wholly  made  up  of  compound  substances.  The 
materials  of  this  crust  have  undoubtedly  been  exposed  to  the 
manifold  agents  of  geological  change,  ever  since  the  world  began. 
According  to  the  prevalent  opinion  in  his  time  (an  opinion  which 
has  been  amply  sustained  by  subsequent  research)  the  elements  have 
a  natural  tendency  to  enter  into  combination,  and  the  general  com- 
pound nature  of  the  constituents  of  the  crust  could  be  cited  in  favour 
of  the  orthodox  view.  Lamarck,  however,  had  formed  a  totally 
different  judgment  of  the  matter.  His  own  investigations  had  led 
him  to  conclude  that,  owing  to  the  operation  of  the  agents  of 
destruction,  the  tendency  in  Nature  was  in  exactly  the  opposite 
direction,  that  is,  towards  the  breaking  up  and  simplification  rather 
than  to  the  formation  of  compound  substances.  He  regarded  the 
surface  of  the  globe  as  a  vast  field  whereon  Nature  is  ceaselessly 
at  work  in  destroying  every  compound  and  resolving  it  into  its 
integral  constituents.  Not  that  this  change  is  always  effected  at 
once,  by  a  complete  liberation  of  the  components ;  it  rather  comes 
as  the  result  of  successive  alteration,  the  cumulative  effect  of  which 
is  to  leave  the  substances  progressively  less  complex  (p.  101). 
This  process  of  disintegration  appeared  to  him  to  arise  sometimes 
from  an  inherent  tendency  in  the  material  itself  to  split  up  into  its 
component  ingredients,  but  more  frequently  from  the  action  of 
external  provocative  influences,  such  as  those  of  heat,  water,  and 
saline  solutions. 

But  if  such  be  the  normal  order  of  things,  how  comes  it,  he  asks, 
that  the  outer  crust  of  our  planet,  which,  for  such  a  prolonged 
succession  of  ages,  has  been  ceaselessly  exposed  to  this  destmotion 
and  simplification  of  composite  bodies,  should  nevertheless  now 


A  Geological  Setrospeet  of  the  Year  1802.  153 

consist  of  substanoes  whioh  are  almost  entirely  compoands  ?  With 
the  confident  antioipation  that  how  much  soever  his  contemporaries 
and  their  sncoessors  might  retard  the  recognition  of  what  be  felt 
assured  was  a  great  discovery  made  by  himself,  Lamarck  announced 
that  there  must  exist  in  Nature  a  certain  powerful  and  ever  active 
cause  which,  while  it  counteracts  the  natural  tendency  of  compound 
tubstances  to  break  up  into  their  constituent  parts,  is  ceaselessly 
at  work  on  its  own  side  in  forming  new  combinations.  He 
triumphantly  declared  that  this  potent  cause  can  be  none  other 
than  the  organic  action  of  plant  and  animal  life.  Maintaining  that 
the  elements  could  never  of  themselves  have  formed  the  host  of 
compound  bodies  on  the  face  and  within  the  crust  of  the  globe,  he 
went  on  to  assert  that  without  the  operation  of  life,  the  '  Pouvoir 
de  la  Yie/  not  one  of  these  compound  bodies  could  ever  have 
come  into  existence  (p.  106).  Not  only  did  be  affirm  that  by  the 
immediate  action  of  vegetation,  carbon,  bitumen,  coal,  alumina, 
potass,  clays,  iron,  and  other  mineral  substances  are  formed,  and 
that  the  action  of  animals  gives  rise  to  calcareous  material, 
phosphates,  sulphur,  nitre,  and  other  compounds  (pp.  Ill,  118,  141, 
153)y  but  he  claimed  that,  without  exception,  all  the  compound 
snbstanoea  in  the  inorganic  world,  minerals  and  rocks  alike,  are 
nothing  but  the  remains  and  d6bris  of  once  living  bodies  (p.  115). 

Protrusions  of  igneous  matter  into  the  terrestrial  crust  have  thus 
no  place  in  his  system.  Yet  although  he  believed  all  amorphous 
rocks  to  have  been  accumulated  under  water  he  rejected  Werner's 
doctrine  of  an  universal  ocean.  The  origin  of  granite,  for  instance, 
he  explained  by  a  complicated  process  wherein  the  essential 
molecules  of  the  several  minerals  that  constitute  the  rook  are  first 
disintegrated  by  the  action  of  organisms ;  these  molecules  are  then 
transported  from  the  land  by  rivers  into  the  sea,  where  they  are 
deposited  and  come  together  to  form  the  aggregate  granite  mass 
(pp.  142-145).  So  far  from  looking  upon  the  granitic  core  of  a 
mountain-chain  as  a  plutonic  intrusion  from  an  inner  magma,  he 
regarded  it  as  evidence  of  the  site  of  a  former  river-current,  by 
which  its  materials  were  built  up  on  the  sea-floor  during  the  retreat 
of  the  oceanic  waters,  and  the  consequent  emergence  of  the  western 
chores  of  the  land  (pp.  145-149).  As  some  rivers  flow  in  tolerably 
straight  courses  for  hundreds  of  miles,  he  could  see  no  reason  why, 
as  the  sea  retired,  they  should  not  have  accumulated  granitic  ridges 
as  long  as  the  longest  crystalline  core  now  to  be  seen  in  any 
mountain-chain.  Obviously  not  even  the  wildest  hypothesis  of  the 
Freiberg  School  was  more  completely  a  child  of  the  imagination 
than  this  extraordinary  speculation  of  the  illustrious  biologist  of 
Paris.* 

*  His  speculations  on  this  subject,  however,  were  not  all  original  on  the  part  of 
Lamarck.  Curler,  in  his  **  Discours  sur  lea  Revolutions  do  la  Surface  du  Globe" 
(3rd  ed.,  1825,  p.  24),  alludes  to  their  prevalence,  especially  in  Germany,  at  least 
a»  far  back  as  the  beginning  of  the  nineteenth  century,  and  to  their  recent  develop- 
ment by  his  French  contemporary  in  the  **  Hydrog^ologie  '*  and  **  Philosophio 
ZooJogiqoe." 

(To  he  concluded  in  our  next  number.) 
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Co.  Watebpobd. 

By  F.  B.  CowPBB  Bbbd,  M.A.,  F.G.S. 

(PLATE  Xni.) 

THE  corries  and  tarns  of  the  Comeragh  Mountains  have  reoeived 
but  scanty  attention  at  the  hands  of  geologists.  In  the  Memoir 
of  the  Geological  Survey  ^  dealing  with  this  portion  of  oo.  Waterford 
their  position  and  height  are  mentioned,  and  reference  is  made  to 
some  of  the  glacial  phenomena  in  their  immediate  neighbourhood, 
but  no  connected  description  of  the  whole  group  of  corries  is  given. 
Kinahan,  in  his  "Geology  of  Ireland  "  (1878),  pp.  246,  310,  refers 
briefly  to  them,  and  inclines  to  the  view  that  they  were  cut  out 
by  the  action  of  the  sea  on  the  flanks  of  the  mountains,  but  that  the 
rook-basins  which  they  frequently  contain  were  excavated  by  small 
glaciers.  The  position  of  the  oorries,  chiefly  on  the  north  and  east 
sides  of  these  mountains,  as  elsewhere  in  Ireland,  is  attribated  by 
him  to  the  preservative  action  of  the  ice  and  snow,  which  would  not 
melt  in  them  so  rapidly  (owing  to  their  colder  aspect)  as  on  the 
southern  and  western  slopes,  where  the  corries  have  been  obliterated 
by  denudation  effected  by  ordinary  subaerial  agents.  Carvill  Lewis  * 
refers  to  the  glaciation  of  the  Comeragh  Mountains  in  several  places, 
remarking  that  they  "show  signs  of  glaciation  on  their  north-east 
side  as  high  as  1 ,000  feet,  up  to  which  height  they  are  rounded  ofif  and 
drift  occurs.  Above  this  they  are  jagged  and  contain  owms,  glacial 
lakes,  and  other  evidences  of  small  local  glaciers." 

The  following  notes  on  these  interesting  corries  must  be  oon- 
sidered  to  be  only  of  a  preliminary  nature ;  a  bathy metrical  survey 
of  the  lakes  themselves  is  necessary  to  complete  their  investigation, 
but  possibly  this  may  not  be  carried  out  for  years  owing  to  the  absence 
of  boats  on  their  surface  or  in  the  neighbourhood  and  the  difllculty 
and  expense  in  conveying  one  to  them. 

Geological  Structure  of  the  District, 

The  mountains  are  entirely  composed  of  Old  Red  Sandstone 
forming  a  wide  flattened  arch,  or  rather  dome,  of  which  the  beds 
dip  to  the  north  and  south  respectively  into  the  valleys  of  the  Suir 
and  Dungarvan,  while  to  the  west  they  dip  at  very  low  angles  so  aa 
ultimately  to  pass  under  the  Carboniferous  Limestone  in  the  district 
of  Bally niacarbery.  But  this  uniformity  of  structure  is  modified  to 
some  extent  by  small  local  folds  and  disturbances  in  the  beds,  the 
axes  of  which  mostly  trend  east  and  west  in  aocordanoe  with  the 
general  system  of  folds  affecting  the  Upper  Palsdozoic  rocks  of  this 
part  of  Ireland.  The  eastern  portion  of  the  dome  has  been  removed 
by  denudation,  exposing  at  the  foot  of  the  escarpment  thus  formed 
the  much- worn  platform  of  Ordovician  rocks,  on  which  the  Old  Bed 
Sandstone  rests  with  a  very  strong  unconformity. 

The  Old  Bed  Sandstone  in  the  Comeraghs  is  estimated'  to  reach 

^  Mem.  Geol.  Suit.  Ireland,  Explan.  Sheets  167,  168,  etc.,  1865,  pp.  6.  7,  80. 
«  Carvill  Lewis:   **  The  Glacial  Geology  of  Great  Britain  and  Ireland,*'  1894» 
pp.  103,  133,  164. 
'  Mem,  Oeol,  8urv,  Ireland,  Explan.  Sheets  167,  168,  etc.,  p.  14. 
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a  total  thickness  of  3,200  feet,  and  oonsists  of  a  locally  developed  basal 
breccia  followed  by  about  1,000  feet  of  brownish-red  conglomerate 
of  Yarions  degrees  of  coarseness ;  and  this  is  succeeded  by  reddish- 
brown  shales,  sandstones,  grits,  and  strong  conglomerates,  with 
many  white  quartz  pebbles,  reaching  a  thickness  of  about  2,200  feet. 
The  jointing  of  the  Old  Bed  Sandstone  rocks,  both  conglomerates 
and  sandstones,  is  strikingly  complete  and  well  developed  * ;  and  the 
presence  of  these  divisional  planes  and  lines  of  weakness  has  an 
faitimate  connection  with  the  production  and  preservation  of  the 
precipitous  walls  of  the  corries.  The  alternation  of  hard  and  soft 
beds  of  rook  is  clearly  brought  out  by  weathering  in  the  cliff-faces 
of  some  of  the  latter,  such  as  Coumshingaun,  and  results  in  the 
formation  of  successive  small  vertical  cliffs  or  scars  alternating  with 
benches  and  talus  slopes,  expressing  the  vertical  heterogeneity  in  the 
profile. 

Orography  of  the  District, 

The  Comeragh  Mountains  form  a  mass  of  high  ground  at  the 
western  end  of  co.  Waterford,  their  main  axis  running  nearly  north 
and  sonth ;  they  rise  to  a  maximum  height  of  2,597  feet  above  sea- 
level,  and  break  off  suddenly  towards  the  east  in  a  more  or  less 
r^ular  escarpment,  the  summit  of  which  is  in  most  places  over 
2,000  feet  high,  but  it  sinks  down  gradually  and  loses  its  character 
to  the  north  and  south.  The  northern  part  of  the  range  is  sometimes 
known  as  the  Keeks  of  Glenpatrick,  and  joins  on  to  the  line  of  lower 
rounded  hills  bordering  the  south  side  of  the  Biver  Suir.  The 
platform  of  older  rocks  which  stretches  away  to  the  east  witli 
a  gently  undulating  surface  from  the  foot  of  the  mountains  is  known 
as  the  plateau  of  Kathgormuck,  and  has  an  altitude  of  only  300-500 
feet  above  the  sea.  On  the  west  side  the  whole  mass  of  the  Comeragh 
Mountains  is  separated  from  the  Knockmealdown  Mountains  by  the 
long  pass  or  valley  of  Ballynamult,  which  runs  southward  from  the 
valley  of  the  Suir.  Behind  the  escarpment  the  Comeragh  Mountains 
are  deeply  trenched  by  the  valley  of  the  Nier,  which  runs  in 
a  westerly  direction  so  as  almost  to  bisect  them.  This  river,  which 
ultimately  joins  the  Suir  just  east  of  Newcastle,  drains  the  greater 
portion  of  the  western  slopes  and  receives  several  tributary  streams, 
some  of  which  flow  down  from  the  cirque-headed  valleys  on  its 
south  side.  The  northern  flanks  of  the  mountains  shed  a  few  short 
unimportant  streams  direct  into  the  Suir ;  and  the  south-west  slopes 
are  drained  by  the  Colligan,  which  flows  south  into  the  sea  at 
Dungarvan.  The  eastern  escarpment,  traced  from  its  northern  end, 
runs  at  first  south-east  at  the  foot  of  the  Reeks,  but  at  a  point  just 
south  of  Knockanaffrin  Mountain  it  turns  to  the  east,  and  continues 
in  this  direction  for  over  one  mile,  forming  a  large  embayment, 
at  the  bend  of  which  is  the  important  gap  and  pass  into  the  head  of 
the  Nier  Valley.  This  pass  makes  a  conspicuous  dip  in  the  fairly 
uniform  summit-line  of  the  mountains,  being  only  1,500  feet  above 

1  Hsugbton,  <*0n  the  PhTsical  Stracture  of  the  O.E.S.  of  Co.  Waterford'*: 
Trans.  Boj.  8oe.  Ihibtin,  1858,  pp.  333-348. 
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sea-level,  while  on  eaob  aide  of  it  the  top  of  the  eMarpment  is 
2,000  feet  high.  A  little  north  of  Coumabingaun  the  esoarp 
again  benda  round  and  runs  soath  for  nearly  three  miles  U 
Mahon  River. 

In  addition  to  the  short,  eteep,  grassy  spnn  which  slope  c 
from  the  faoe  of  the  esoarpment  to  the  plain,  and  between  whio 
the  roclc-walted  oorries,  there  is  an  extensive  promontory  of 
ground,  composed  of  Old  Bed  Sandstone  and  oonneoted  witl 
main  mass  by  a  low  isthmus ;  it  projeots  eastwards  nearly  opp 
Coumehingaun  for  a  distance  of  about  four  miles  across  die  L 
Palaaozoio  platform.aiid  rises  towards  its  extremityinto  the  promi 
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Fia,  1.— Contour -Map  of  the  Comeragh  Moantaiiu  sod  neighbourhood. 

I,  Loagb  More ;  2,  Comuduala  Lon(;b ;  3,  Coumgona  Loostu ;  4,  Crotty's  L 

S,  Counuhingaun  Lough ;  6,  Comoiagh  Loughi ;  7,  Comiiitilloge  Longh 
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deration  known  aa  Orogbaan  Hill,  nearly  1,300  feet  high.  The 
eastem  face  of  the  Oomeraghs  is  drained  by  many  small  streams, 
some  of  which  are  supplied  by  the  tarns  in  the  corries.  North  of 
the  Croghann  spar  these  streams  flow  in  a  general  eastward  direction 
into  the  Glodiagh,  which  £sdls  into  the  Sair,  but  south  of  Groghaun 
the  streams  run  south-east  to  form  the  rivers  Mahon  and  Tay,  which 
enter  the  sea  at  Bonmahon  and  Stradbally  respectively. 

From  the  above  description  of  the  waterways  it  is  seen  that  the 
Oomeraghs  g^ve  rise  to  a  complete  and  independent  drainage  system 
on  all  aides,  and  form  a  local  centre,  as  they  are  supposed  to  have 
done  for  the  ice  during  the  later  stages  of  the  Qlacial  Period.^ 

DisTBiBnnoN  and  Ohabaotkbs  of  ths  Oobriss  and  Tarns. 

The  oorries  in  the  Oomeraghs  fall  into  two  groups,  one  of  which 
lies  along  the  steep  eastern  face  of  the  mountains  and  the  other 
along  the  south  side  of  the  Nier  valley.  In  the  former  group  they 
have  mostly  the  character  of  mere  niches  in  the  escarpment,  while  in 
the  latter  group  they  attain  nearly  the  dignity  of  short  valleys.  All 
are  alike  characterised  by  steep  mural  precipices  and  by  their  floor 
lying  at  some  height  above  that  of  the  thalweg  of  the  main  valley  or 
tiiie  base  of  the  escarpment,  so  that  they  possess  the  appearance  of 
•hanging  valleys.'  In  the  eastern  series  of  oorries  not  all  have 
received  names ;  only  those  which  contain  lakes  are  marked  on  the 
map  with  separate  designations,  but  there  exist  several  others  which 
deserve  notice. 

We  may  first  enumerate  those  which  contain  lakes,  commencing 
at  the  northern  end,  and  then  proceed  to  describe  them  all  in  detail. 

I  (a).   Corries  ai\d  their  lakes  in  the  Reeks  of  Qlenpatrick. 

1.  Lough  More. 

2.  Coumduala  Lough. 

(b).  South  of  the  great  emhayment. 

3.  Coumgorra  Lough. 

4.  Crotty's  Lough. 

5.  Coumshingaun  Lough. 

II  (c).  Corries  and  their  lakes  on  the  south  side  of  the  Nier  Valley. 

6.  Comeragh  Loughs. 

7.  Coumstilloge  Loughs. 

The  Reeks  of  Qlenpatrick  have  only  two  corries  occupied  by  lakes 
on  their  eastern  face,  but  there  are  several  other  oorries  on  the 
escarpment,  the  floors  of  which  are  occupied  with  great  sloping 
heaps  of  talus  from  the  cliffs  above.  A  lake  may  have  previously 
existed  in  them,  but  has  been  overwhelmed  and  filled  up  by  the 
accumulation  of  this  debris.  In  one  case  the  absence  of  a  barrier  of 
moraine  or  scree  material  across  the  mouth,  such  as  is  found  in  all 
the  others  which  hold  a  tarn,   may  account  for  this  deficiency. 

1  Mem.  Oeol.  Sunr.  Ireland,  Explan.  Sheets  1G7,  168,  etc.,  p.  80.  Einahan: 
Geol.  of  Ireland,  p.  245.    Hull:  Pbys.  Geol.  Geogr.  Ireland,  1878,  pp.  103,  263. 
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There  is  one  suoh  lakeless  corrie  on  the  north  of  Knockanaffrin,  and 
like  all  the  oorries  on  the  Beeka  it  is  shallow  and  wide-mouthed,  con- 
sisting simply  of  a  slightly  curved  amphitheatre  of  cliffii  descending 
precipitously  to  a  gently  inclined  floor,  which  from  the  mouth  slopes 
more  steeply  to  the  plain  below.  The  small  streams  which  issue 
from  these  tamless  corries  north  of  Knockanaffrin  run  down  over 
the  surface  of  the  ground  in  shallow  channels  to  join  the  Glasha 
Biver,  which  enters  the  Suir  near  Ourteen. 

The  two  lakes,  known  as  Lough  More  and  Conmduala  Lough,  lie 
under  the  higher  part  of  the  escarpment,  the  former  on  the  norUi 
side  of  Knookanafifrin  and  the  latter  on  the  south  side.  The  altitude 
of  Lough  More  is  1,518  feet,  and  it  is  situated  in  a  wide,  shallow 
alcove  with  the  cliflfs  rising  550  feet  above  it  In  size  it  only 
measures  about  200  yards  in  length,  and  the  stream  issuing  from  it 
runs  down  to  join  the  Clodiagh.  A  dam  of  morainic  material  rises 
about  60   feet  above  the  water's  level  and   holds  up   the  lake. 
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Scale  :  U  inches  to  1  mile. 
Fig.  2. — Sketch-map  of  Coumgorra.    Fio.  3. — Sketch-map  of  Crotty's  Lough  Corn 

Coumduala  Lough  lies  at  an  altitude  of  1,533  feet  in  a  shallow 
amphitheatre  where  the  escarpment  is  nearly  2,100  feet  high  ;  screes 
cover  the  foot  of  the  cliffs,  and  the  lake,  which  is  held  up  by  a  dam 
on  the  north-east,  has  its  length  (250  yards)  parallel  to  the  trend  of 
the  escarpment,  and  therefore  across  the  mouth  of  the  corrie.  Its 
overflow  is  conducted  down  to  the  Clodiagh  by  a  stream  from  its 
south-east  comer. 

From  Knockanaffrin  the  escarpment  decreases  in  height  towards 
the  Gap  and  curves  round  in  an  irregular  semicircular  line  of  clifi 
nnd  scars  so  as  to  form  a  large  broken  corrie,  but  without  any 
definite  floor,  as  the  slope  at  the  base  of  the  cliffs  is  covered  with 
talus  and  morainic  heaps.  One  of  the  head-streams  of  the  Clodiagh 
arises  in  this  amphitheatre. 

None  of  the  foregoing  corries  or  tarns  are  comparable  in  importance 
'to  the  large  ones  south  of  the  Gap  which  have  now  to  be  deaoribed, 
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«nd  oompriBe  those  known  as  Cowmgarra,  OroUy*$  Zotc^k,  and 
CcmUkingawiu  All  these  oontain  lakes,  and  are  situated  olose 
together.  Thus,  Coamgona  is  only  500  yards  distant  from  Crotty's 
Loagh  on  the  northward  -  facing  part  of  the  esoarpment ;  and 
Ooomshingauny  which  looks  west,  lies  only  650  yards  soath  of 
Orotty's,  while  the  divide  separating  the  head  of  OoumgoiTa  from 
Coamshingaon  is  not  muoh  over  700  yards  wide.  This  triangular 
gioop  of  oorries  affords  the  most  striking  features  of  their  class,  and 
therefore  merits  special  attention. 

The  corrie  nearest  the  Gap  is  known  as  Coumgorra,  and  contains 
three  lakes  at  snooessive  levels ;  the  two  lower  ones  are  merely 
^expansions  of  the  stream  behind  and  between  heaps  of  morainic 
material.    This  stream,  which  connects  the  three  lakes,  flows  from 
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VerUcaL  section  of  CroUy's Lough. 

Fio.  5. 

Vertical  scale :  2,000  fret  to  1  itich. 
Horizontal  scale  :  1^760  fat  to  1  inch. 

the  mouth  of  the  corrie  in  a  north-easterly  direction  as  the  River 
Douglas  to  join  the  Clodiagh  at  Koss  Bridge.  The  corrie  itself  is  of 
large  size,  and  opens  northwards  ;  it  has  an  irregular  shape,  and  on 
investigation  is  found  to  be  composed  of  two  contiguous  and  partly 
confluent  amphitheatres,  a  weathered  and  semi-detached  pinnacle  of 
rock  marking  the  point  of  intersection  of  the  two  curved  lines  of 
clifls.  The  outer  amphitheatre  forms  the  western  side  of  this 
composite  corrie  and  is  not  deeply  cut  back,  but  the  cliffs  encircling 
it  are  higher  and  more  precipitous,  rising  about  1,000  feet  above 
their  talus-strewn  base,  and  more  than  2,500  feet  above  sea-level. 
The  two  lower  lakes  lie  in  this  outer  corrie,  but  not  close 
under  its  cliSs  nor  at  the  same  level.     Their  origin  is  obvious, 
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the  stream  from  the  uppermost  and  inner  lake  having  expanded 
into  irregular  small  sheets  of  water  in  its  attempts  to  esoape 
between  the  confused  mounds  of  moraine  which  obatruoted  its 
direct  course,  and  through  which  it  has  not  yet  been  able  to 
establish  a  regular  curve  of  erosion  by  cutting  out  a  dhannel 
for  itself.  The  inner  corrie  of  Goumgorra  faces  north-west,  and  is 
likewise  surrounded  by  bare  craggy  precipices  with  a  &irly  even 
skyline ;  the  tarn  lies  at  a  height  of  1,818  feet  above  the  sea,  and 
the  mountain  behind  it  has  an  altitude  of  over  2,400  feet. 

This  tarn — Coumgorra  Lough  proper — measures  about  180  yards 
long  by  120  yards  wide,  and  is  held  up  by  a  regular  gprass-ooveied 
bank  of  morainic  material  with  such  a  straight  course  and  even  top 
as  to  present  a  most  artificial  appearance.  The  water  esoapea  from 
the  lake  underground  at  the  western  comer,  peroolatiDg  thioogh 
the  loose  material  of  the  dam  and  flowing  thence  down  to  the  middle 
lake.  This  lakelet  lies  at  a  level  of  1,671  feet  between  somewhat 
irregularly  disposed  morainic  mounds,  which  do  not  unite  to  form 
a  single  dam.  The  lowest  lake  lies  about  100  feet  lower  down,  and 
is  of  the  same  nature  and  origin ;  the  mounds  which  hold  the  water 
back  rise  oO-lOO  feet  above  its  level,  and  rest  on  the  oorrie-floor  at 
its  very  mouth.  Beyond  and  outside  them  the  steeper  slopes  of 
the  mountain  descend  at  once  for  a  continuous  500-^00  feeit  till 
we  reach  another  more  or  less  level  platform  or  broad  shelfy  formed 
by  another  but  more  evenly  distributed  mass  of  moraine,  esctanding 
putwards  in  a  roughly  crescentic  fashion  for  some  distance  over  the 
plain,  at  the  base  to  which  it  descends  by  a  short  steep  face. 
Original  irregularity  of  accumulation  and  subsequent  denudation 
have  obscured  to  some  extent  the  outlines  of  this  lower  moraine,  but 
its  main  features  can  be  distinctly  traced.  There  it  nothing  to 
indicate  the  existence  of  a  rock-basin  in  the  case  of  any  of  these 
Goumgorra  tarns,  and  the  stream  from  them  runs  either  over  or 
through  morainic  material  in  each  case.  The  small  erosive  power  of 
the  stream,  owing  to  the  pure  nature  of  its  water,  is  notioeable. 
The  moraines  have  the  usual  character  of  those  of  valley  glaciers, 
and  the  large  proportion  of  big  angular  blocks  in  their  composition 
and  on  their  uneven  and  scantily-clad  surface  gives  the  ground  which 
they  cover  a  wild  and  rugged  appearance. 

In  size  the  composite  corrie  of  Coumgorra  measures  about  1,100 
yards  from  its  mouth  to  its  head,  and  has  a  width  across  ita  entrance 
of  rather  over  900  yards. 

The  next  corrie  to  the  east  is  that  containing  CroUiifs  Lomgh 
which  is  an  irregularly-shaped  piece  of  water  with  its  longpaiit  aids 
measuring  about  350  yards  and  lying  transverse  to  the  moutn  of  the 
corrie.  llie  level  of  the  tarn  is  marked  as  1,396  feet  above  the  aea. 
The  corrie  faces  north-east,  and  is  formed  by  lofty  olilb  on  the 
west,  south,  and  east  sides.  On  the  western  side  tne  predipioe  is 
vertical  for  several  hundred  feet  in  its  upper  part,  and  its  top  is  over 
1,000  feet  above  the  water's  edge.  Steep  grass-olad  soMi  abpe 
three-quarters  of  the  way  up  the  face  of  the  olifib  at  the  head  of'  the 
lake ;  and  at  the  south-east  corner  two  prominent  bare  rocky  oragt 
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rise  up  above  the  general  rim  of  difb,  one  of  whioh  contains 
Grotty 's  Cave,  and  is  a  landmark  for  many  miles.  The  eastern  side 
of  the  corrie  is  mostly  formed  by  a  less  precipitous  spar  from  the 
mountain -side.  The  mouth  is  partially  blocked  by  a  conspicuous 
rounded  hill  strewn  with  large  boulders  and  rising  about  100  feet 
above  the  level  of  the  water.  On  its  outer  or  northern  side  this  hill 
descends  steeply  for  about  450  feet  to  a  broad,  roughly  semicircular 
shelf  with  fairly  level  surface,  probably  representing  an  old  moraine. 
The  latter  has  an  abrupt  edge  which  slopes  down  suddenly  to  the 
plain  about  300  feet  below. 

On  each  side  of  the  rounded  hill  at  the  mouth  of  the  corrie  there 
is  a  possible  outlet  for  the  waters  of  the  lake ;  the  one  on  the  north- 
west side  would  be  over  solid  rock,  and  a  rise  of  five  or  six  feet  in 
the  level  of  the  water  would  cause  the  outflow  to  be  by  this  channel. 
On  the  other  or  eastern  side  the  rounded  hill  is  joined  to  the 
mountain  spur  by  a  ridge  of  morainic  material  which  blocks  up  the 
wider  and  more  natural  outlet,  and  the  lake  discharges  itself  at  this 
point  by  the  water  percolating  through  the  dam  and  issuing  on  its 
further  side  in  a  series  of  springs  which  feed  the  swamps  and  give 
rise  to  the  streamlet  running  down  a  depression  in  a  north-easterly 
direction.  It  is  noticeable  that  the  rocky  lip  of  the  lake  on  the 
west  is  lower  than  the  top  of  the  dam  on  the  east,  but  the  outflow 
of  the  lake  is  nevertheless  at  a  lower  level  on  the  other  side  of  the 
median  hill,  which  indeed  appears  to  consist  entirely  of  morainic 
material  and  to  represent  merely  an  unusually  large  and  regular 
moraiuic  mound.  No  solid  rock  is  visible  in  its  composition  above 
the  level  of  the  lake,  and  there  is  no  direct  evidence  that  we  have 
to  deal  with  a  true  rock-basin  in  this  instance. 

^  {To  be  continued.) 

III. — The  Geological  History  of  South  Africa.* 

By  Dr.  F.  H.  Hatch,  F.G.S.,  M.I.C.E., 
President  of  the  Geological  Society  of  South  Africa. 

{Concluded from  the  March  Number ^  p.  104.) 

3.    Geological  Eittory  of  the  Bocks. 

A  FTER  the  granites,  gneisses,  schists,  and  sediments  which  make  up 
j^  the  Swaziland  System  had  been  elevated  to  form  a  continental  area 
extending  over  the  northern  and  western  portions  of  South  Africa, 
denudation  began,  and  the  material  thus  produced  was  carried  to 
the  sea  to  form  the  Witwatersrand  Beds.  The  nature  of  these 
sediments  —  they  consist  of  conglomerates,  grits,  and  shales — 
indicates  a  marine  period  with  shallow-water  conditions,  which 
continued  almost  uninterruptedly  during  their  deposition.  They 
were  accumulated  first  on  a  sinking,  and  then  on  a  rising  sea 
bottom,  for  the  lower  beds  are  composed  largely  of  mud  and  fine 
sand,  conglomerates  only  becoming  abundant  in  the  upper  beds, 
which  were  formed  in  the  later  portion  of  the  period  when  the 

1  Presidential  Address  delivered  by  Dr.  F.  H.  Hatch  to  the  Geological  Society  of 
Soath  Africa,  29th  January,  1906.  t^ 
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had  become  sufficiently  Bfaallow  to  allow  of  the  aooamolatioii  of 
shingle  and  gravel.  There  is  evidence  in  the  Southern  Transvaal 
that  the  land  from  which  the  sediments  were  mainly  derived  lay 
to  the  west,  the  sea  to  the  east,  for  the  lower  Witwatersrand  Beds, 
which  consist  solely  of  mudstones  and  fine  sandstones  in  the  east, 
gradually  develop  conglomerates  with  a  decreasing  amonnt  of  shale 
towards  the  west. 

The  northern  shore-line  of  the  Witwatersrand  sea  probably  did 
not  extend  north  of  the  26th  parallel  of  latitude,  for  in  the  Northern 
Transvaal  we  find  the  Waterberg  Sandstone  resting  directly  on  the 
granites  and  gneisses  of  the  Swaziland  System,  while  in  Southern 
Rhodesia,  north  of  Bulawayo,  the  oldest  deposits  resting  on  these 
rocks  are  the  Sijarira  sandstones,^  which  immediately  underlie  the 
Matobola  Coal-measures,  in  which  fossils  indicating  a  Permo- 
Garboniferous  age  have  been  found. 

After  the  close  of  the  Witwatersrand  period,  which  was  brought 
about  by  the  final  elevation  of  these  beds  above  sea-level,  they  in 
their  turn  became  exposed  to  the  disintegrating  forces  of  denudatioo, 
the  resultant  debris  being  transported  and  spread  out  by  the  heavy 
flood  waters  of  torrential  rivers,  since  we  find  the  Ventersdorp 
period  ushered  in  by  the  accumulation  of  coarse  conglomerates  and 
boulder  beds,  in  which  occur  fragments  of  such  characteristic  beds 
of  the  preceding  formation  as  Hospital  Hill  Slate  and  the  anriferoos 
conglomerates  of  the  Upper  Witwatersrand  Series.  This  denudation 
produced  the  second  break  in  the  succession,  marked  as  Unconformity 
No.  II  in  the  scheme  given  on  page  98.  Tbe  Ventersdorp  period 
is  particularly  marked  by  volcanic  manifestations,  vast  thicknesses 
of  basic  and  acid  lavas,  volcanic  breccia  and  tuffi}  having  been 
accumulated,  probably  on  a  land  surface. 

Before  tbe  next  submergence,  that  of  the  Potchefstroom  period, 
the  vast  piles  of  volcanic  accumulations,  together  with  the  boulder 
beds  and  coarse  conglomerates  of  the  Ventersdorp  System,  were 
long  exposed  to  denudation,  as  there  is  a  break  (Unconformity 
No.  Ill)  between  this  and  the  succeeding  system,  the  lowest 
member  of  which,  the  Black  Reef  Series,  is  found  lying  uncon- 
formably  on  every  older  formation  down  to  the  granite  and  schists 
of  tbe  Swaziland  System.  At  some  time  before  the  deposition  of 
the  Black  Reef  and  Dolomite  Series,  tbe  Witwatersrand  Beds  had 
been  subjected  to  a  folding  movement,  as  the  latter  are  found  bent 
into  gentle  synolines  and  anticlines,  on  the  denuded  remnants  of 
which  the  former  lie  undisturbed.^  The  Potchefstroom  System 
consists  of  three  members:  a  small  development  of  sandstone  at 
the  bottom  with  a  basal  conglomerate,  dolomitic  limestone  and 
shales  in  the  middle,  and  a  great  thickness  of  shales  and  sandstones 
on  the  top.  This  succession  indicates  a  comparatively  rapid  sub- 
mergence, continued  until  clear  water  conditions  were  reached, 
in  which  the  accumulation  of  calcareous  sediments  became  possible. 

1  A.  J.  C.  Molyneux:  Q.J.G.8.,  vol.  lix  (1903),  p.  283. 
3  F.  H.  Hatch,  '*  The  Extension  of  the  Witwatersrand  Beds  eostwaid  imdBr  tiie 
Dolomite,**  etc. :  loc.  cit.,  p.  68. 
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The  period  daring  which  the  muds  and  sands  now  forming  the 
Pretoria  Series  were  deposited  was  probably  one  of  slow  oscillation 
between  rising  and  sinking,  the  conditions  representing  on  the 
whole  a  shallow-water  phase.  The  shore-line  of  a  bay-like  portion 
of  the  sea  in  which  the  sediments  of  the  Potchefstroom  formation 
were  deposited  is  well  marked  in  the  Transvaal  by  the  outcrop 
of  the  Black  Reef  Qoartzite,  as  may  be  seen  by  consulting  a 
geological  map  of  the  Transvaal,  but  some  allowance  mast  of  course 
be  made  for  subsequent  denudation,  especially  in  the  Lydenburg 
district  The  main  sea,  however,  extended  over  the  southern 
portion  of  Bechuanaland  and  Qriqualand,  between  the  Vaal  and 
Orange  Rivers. 

The  final  emergence  of  the  rocks  of  the  Potchefstroom  System 
produced,  by  denudation,  another  great  break  in  the  succession, 
namely,  the  unconformity  (No.  lY)  which  separates  the  Waterberg 
from  the  Potchefstroom  System.  During  the  interval  represented 
by  this  break,  the  beds  of  the  latter  were  tilted,  flexured,  and 
dislocated.  The  resultant  land  surface  furnished  the  material  for 
the  building  up  of  the  Waterberg  formation.  The  basal  con- 
glomeratee  and  breccias  of  the  latter  were  first  formed,  namely, 
during  the  subsiding  period.  From  the  fact,  to  which  attention 
has  been  drawn  by  Mr.  Holmes,  that  pebbles  of  red  felsite  are 
found  in  these  basal  conglomerates,^  it  is  probable  that  an  eruption 
of  add  lavas  began  while  the  Potchefstroom  strata  were  being 
npraised;  this  igneous  activity  was  probably  long  continued,  for 
quite  recently  Mr.  Mellor  *  has  described  in  the  lowest  portion  of 
the  Waterberg  Series  at  Khenosterkop  the  occurrence  of  fragmental 
beds  oonsisting  for  the  most  part  of  igneous  material,  from  which 
he  draws  the  conclusion  that  this  period  was  marked  by  vigorous 
contemporaneous  volcanic  action,  and  he  makes  an  interesting 
comparison  with  the  conditions  that  obtained  at  the  commencement 
of  the  Old  Red  Sandstone  period  in  Scotland. 

The  character  of  the  Waterberg  rocks,  consisting  as  they  do 
largely  of  conglomerates,  grits,  and  coarse  sandstones,  indicates 
shallow- water  conditions  in  a  slowly  subsiding  area.  The  constant 
occurrence  of  false  bedding  points  to  rapid  sedimentation  in 
shallow  waters  affected  by  strong  and  variable  currents.^  The 
pebbles  of  the  basal  conglomerate  consist  largely  of  quartzite 
derived  from  the  Pretoria  Beds,  and  there  is  evidence  that  the 
Waterberg  sediments  were  deposited  against  an  old  land  surface 
of  the  Pretoria  rocks,  which  underwent  denudation  to  supply  the 
necessary  material.  The  present  distribution  of  the  Pretoria  Beds 
along  the  southern  margin  of  the  Waterberg  Sandstone  probably 
marks  the  shore-line  of  the  sea  or  lake  in  which  the  latter  was  laid 
down.     This  sea  extended  over  the  greater  part  of  the  Northern 

*  G.  G.  Holmes,  **  Some  Notes  on  the  Geologry  of  the  Northern  Tran,«vaal " : 
Trans.  Geol.  Soc.  S.  Afr.,  vol.  vii  (1904),  pp.  55-56.  **The  Geology  of  a  part  of 
the  RustenbuTff  District'* :  Trans.  Geol.  Soc.  S.  Afr.,  vol.  viii  (1905),  p.  6. 

*  E.  T.  Mellor,  **  Volcanic  Action  in  the  "Waterberg  Formation*' :  Trans.  Geol. 
Soc.  8.  Afr.,  vol.  viii  (1905),  p.  38. 

'  E.  T.  Mellor:  Transvaal  Geol.  Suit.  Eep.,  1903,  p.  17. 
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Transvaal,  and  probably  inoluded  a  portion  of  Sonthem  Rbodeaia ; 
it  may  have  been  landlocked,  for  the  faota  that  the  Waterberg 
formation  has  been  found  resting  on  an  uneven  floor,  and  that  near 
the  base  very  coarse  irregular  oonglomerates  ^  are  met  with,  seem 
to  militate  against  this  formation  being  a  true  marine  deposit 

The  Cape  Colony  representative  of  the  Waterberg  Sandstone, 
namely,  the  Table  Mountain  Sandstone,  also  consists  of  sandstone, 
but  with  less  conglomerate.  Conglomerates,  although  scarce,  however, 
do  occur,  and  Rogers  has  described  in  the  Pakhuis  Pass,  near 
Clanwilliam,  the  occurrence  of  ice-scratched  pebbles  which  appear 
to  have  come  from  a  glaciated  region,  and  to  have  been  carried  to 
their  present  site  by  the  agency  of  floating  ice.'  From  an  increase 
in  the  degree  of  coarseness  of  the  sediments  towards  the  west,  and 
the  greater  frequency  of  conglomerates  in  the  Piquetberg  division 
and  the  Olifants  River  Mountains,  Rogers  argues  that  their  source 
must  have  lain  in  that  direction,  and  that  the  sediments  were 
accumulated  at  no  great  distance  and  in  shallow  water.  In  his  view 
the  Table  Mountain  Sandstone  is  probably  of  fluviatile  origin.' 

The  Table  Mountain  Sandstone  is  followed  conformably  at  the 
Cape  by  the  Bokkeveld  Beds,  the  character  of  which  points  to 
a  continuance  of  the  subsiding  phase.  The  fossil  remains  indicate 
marine  conditions,  although  the  frequent  occurrence  of  false  bedding 
in  the  sandstones  precludes  the  possibility  of  very  deep  waters. 
The  fossil  fauna  of  the  Bokkeveld  Beds  shows  that  they  are 
homotaxial  with  the  Devonian  System,  but  whether  Upper,  Middle, 
or  Lower  has  not  yet  been  decided.  The  upper  beds  of  the  Bokkeveld 
and  the  succeeding  Witteberg  Beds  indicate  a  change  to  lacustrine  or 
flnviatile  conditions,  the  beds  consisting  of  mudstones  and  sandstones 
which,  with  the  exception  of  a  few  plant  remains,  are  barren  of 
organisms.  It  is  possible,  as  suggested  by  Mr.  Rogers,^  that  at 
about  the  middle  of  the  Bokkeveld  period  open  communication  with 
the  sea  may  have  been  again  cut  off,  deposition  subsequently  taking 
place  by  flu\datile  agencies  in  inland  seas.  This  would  account  for 
the  absence  of  marine  organisms  in  these  beds.  At  the  Cape  the 
Witteberg  Beds  are  followed  without  a  break  by  the  shales  forming 
the  lowest  beds  of  the  Dwyka  Series.  Northwards,  however,  the 
Witteberg  and  Bokkeveld  Beds  gradually  thin  out,  and  the  Dwyka 
Series  finally  rests  unoonformably  on  the  Table  Mountain  Sandstone. 
From  this  the  deduction  can  be  made  that  owing  to  the  elevation  of 
the  beds  above  sea-level,  they  became  subject  to  denudation  before 
the  commencement  of  the  Dwyka  epoch,  and  it  is  even  possible  that 
still  further  north  denudation  may  have  commenced  before  the 
Witteberg  epoch,  so  that  the  latter  series  was  never  deposited  in 

>  E.  T.  Mellor,  "The  Waterberg  Sandstone  Formation":  Trans.  Geol.  See 
S.  Air.,  Tol.  Tii  (1904),  p.  40.  Mr.  Mellor  instances  the  occurrence  of  boulders 
ranging  up  to  8  feet  in  diameter.  These  must  haye  been  transported  by  streams  of 
a  torrential  character. 

'  A.  W.  Rogers,  **  The  Glacial  Conglomerate  in  the  Table  Mountain  Series  near 
Clanwilliam*' :  Trans.  S.  Afr.  Phil.  Soc,  vol.  xvi  (1905),  p.  1. 

»  A.  W.  Rogers :  **  The  Geolog}'  of  South  Africa,"  p.  396. 

*  "  Geolog}-  of  the  Cape  Colony,"  p.  396. 
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these  northern  r^ions ;  and  in  the  Transvaal  it  is  most  likely  that 

eren  the  Bokkeveld  Series  was  never  represented.     Daring  the 

aocnmnlation  of  the  Dwyka  Series  the  northern  part  of  South  Africa 

was  covered  with  ice,  for  it  is  now  generally  admitted  that  the 

Dwyka  Conglomerate  has  been  formed  of  rook  fragments,  boulders, 

and  mad,  whioh  have  been  carried  towardls  their  present  site  by 

glaciers  moving  from  a  northern  mountainous  country  southward. 

That  the  highest  portions  of  these  mountains  were  probably  situated 

in  the  Northern  Transvaal  somewhere  about  the  present  Waterberg 

district,  is  indicated  by  the  distribution  of  the  glacial  conglomerate. 

The  Dwyka  Series  as  well  as  the  rest  of  the  Karroo  rooks  appears 
io  have  accumulated  in  a  great  inland  sea  which  occupied  practically 
4he  whole  of  Central  South  Africa  as  at  present  constituted.  The 
southern  shore-line  of  this  vast  lake  extended  east  and  west  along 
the  northern  margin  of  the  present  coast  ranges  of  Southern  Cape 
Colony.  To  the  east  it  passed  into  the  present  Indian  Ocean  some- 
where about  the  Gualana  Biver,  returning  at  Port  St.  John,  whence 
it  stretched  north-eastward  parallel  to  the  present  coast  of  Natal, 
the  north-western  boundary  extending  roughly  along  the  present 
course  of  the  Yaal  River  as  far  as  Vereeniging.  The  fossil  evidence 
points  to  fresh-water,  or  at  least  to  brackish  conditions,  and  the 
£nequent  occurrence  of  fiftlse  bedding,  ripple  -  marks,  sun -cracks, 
worm  burrows,  eta,  indicates  that  the  water  could  not  have  been 
'deep.  The  Dwyka  Conglomerate  was  deposited  partly  in  this  lake 
by  the  agency  of  floating  ice ;  partly  it  consists  of  ancient  moraines 
the  accumulation  of  which  slowly  followed  the  retreating  ice  north- 
wards. In  conformity  with  this  twofold  mode  of  origin,  there  are 
two  facies  of  the  Dwyka  Series :  a  northern,  lying  unconformably 
on  an  uneven  surface  (often  grooved  and  polished)  of  the  older 
rocks,  and  a  southern,  resting  conformably  on  the  uppermost  member 
of  the  Cape  System.  In  the  Transvaal  the  Dwyka  covering  has 
preserved  interesting  features  of  the  pre-Karroo  land  surface.  Thus 
Mr.  Mellor^  considers  that  the  valleys  of  the  Elands  Eiver, 
Bronkhorstspruit,  and  the  Wilge  River  are  of  pre-Karroo  origin. 
At  the  beginning  of  Karroo  times  they  became  filled  with  the 
conglomerate,  and  have  in  recent  times  been  re-excavated.  The 
coal  deposits,  which  at  Vereeniging  and  elsewhere  in  the  Southern 
Transvaal  and  at  Dundee  and  Newcastle  in  Natal  are  found  in  the 
£cca  Beds  immediately  above  the  Dwyka  Conglomerate,  show  that 
a  luxuriant  tropical  vegetation  flourished  in  the  Ecoa  epoch ;  while 
the  fact,  flrst  pointed  out  by  E.  J.  Dunn,'  that  seams  of  breccia  of 
almost  identical  character  with  the  Dwyka  are  interbedded  with 
the  coal  at  Vereeniging,  seems  to  indicate  that  glaciers  were  still 
in  existence  while  the  coal  beds  were  being  deposited.  Professor 
Edgeworth  David '  has  described  a  similar  occurrence  in  New  South 

»  E.  T.  Mellor  :  Transraal  Geol.  Surv.  Rep.,  1903,  p.  20. 

'  E.  J.  Dunn,  **  Notes  on  the  Dwyka  Coal-measures  "  :  Trans.  S.  Afr.  Phil.  Soc., 
ToL  xi  (1900),  p.  67. 

'  Edgeworth  David,  *' Evidences  of  Glacial  Action  in  Australia  in  Fermo- 
CarbonSferous  Time"  :  Q.J  G.S.,  vol.  lii  (1896),  p.  289. 


166      Dr.  F.  K  Eaich— Geological  History  of  South  Africa. 

Wales,  where  a  group  of  Ooal-measurea  over  230  feet  thiok  and 
comprising  from  20  to  40  feet  of  ooal  is  sandwiched  in  between  the 
erratic  bearing  horizon  of  the '  Lower  Marine  Series'  and  the  similar 
horizon  of  the  Upper  Marine  Series.  There  appears  to  be  indicated 
in  these  facts  a  recurrence  of  a  glacial  epoch  separated  by  a  milder 
interglaoial  period.  Professor  Penck,  however,  to  whom  I  showed 
specimens  of  these  later  breccias  in  borehole  cores  from  the 
Vereeniging  Coalfield,  thought  they  probably  represented  a  rewash 
or  remanie  of  the  true  Dwyka.  With  regard  to  the  age  of  the 
Transvaal  coal,  the  occurrence  of  Sigillaria  Brardi  at  Vereeniging 
supplies  a  link  with  Europe,  and  on  this  evidence  Seward '  assigns 
the  beds  to  the  Permo-Carboniferous  period,  and  suggests  that  the 
commingling  of  SigiUaria  species  with  the  Qloasopteria  flora  indicates 
an  overlapping  of  two  distinct  botanical  provinces. 

A  recurrence  of  the  conditions  suitable  for  the  formation  of  ooal 
deposits  took  place  at  a  much  later  epoch  in  the  Karroo  period, 
namely,  at  the  beginning  of  Stormberg  times  (Molteno  Beds). 
Between  the  two  horizons  there  are  some  7,000  feet  of  strata  in  the 
geological  column,  5,000  feet  of  which  are  made  up  of  the  Beaufort 
Series,  which  requires  no  special  mention  here,  except  for  the 
abundant  occurrence  in  it  of  the  remarkable  labyrinthodont  and 
dinosaur  remains.  The  bones  of  these  animals  must  have  been 
washed  into  the  lake  by  rivers. 

At  the  top  of  the  Stormberg  Series,  and  consequently  occupying 
the  highest  position  in  the  system,  are  the  basic  lavas  and  ash-beda 
of  the  Volcanic  Group.  The  interstratification  of  ash-beds  and  lava- 
flows  with  sandstone  points  to  some  subaqueous  eruption ;  but  the 
bulk  of  the  later  flows  were  subaerial,  and  the  accumulation  of  such 
a  vast  pile  of  volcanic  material — it  is  some  4,000  feet  thick — 
determined  the  watershed  of  the  Drakensberg  as  it  exists  to-day 
in  Basutoland  and  the  Eastern  Province  of  Cape  Colony.  Many 
of  the  vents  by  which  the  eruptions  took  place  have  been  found,* 
cutting  through  the  Cave  Sandstone,  by  the  Cape  Qeological  Survey ; 
bat  Mr.  Sohwarz  is  of  the  opinion  that  fissure  eruption  also  played 
a  part  in  the  formation  of  the  volcanic  beds. 

It  is  interesting  to  note  that  the  remarkable  series  of  lavas 
occupying  the  so-called  Springbok  Flats  in  the  Transvaal,  and 
known  as  the  Bushveld  Amygdaloid,  has  been  found  by  the 
Transvaal  Survey  to  overlie  sandstones  which  are  considered  to  be 
of  Karroo  age,  and  has  been  provisionally  referred  to  the  Stormberg 
epoch.^     There    is    certainly  a  remarkable   resemblance    in    the 

1  A.  C.  Seward  :   Q.J.G.S.,  1897,*  p.  322. 

'  An  interesting  account  of  the  geolo^cal  history  of  these  eraptionB  is  giren  by 
Mr.  da  Toit  in  a  paper  on  **  The  Fonnmfi;  of  the  Drakensberg'^:  Tnuui.  S.  Afr. 
Phil.  Soc.,  Yol.  xvi,  pt.  1  (1905),  p.  65.  ^  also  '<  Beport  on  part  of  the  Matitiele 
Division,  with  an  Account  of  the  Petrography  of  the  Volcanic  Aocks,'*  by  £.  H.  L. 
Schwarz :  Qeol.  Comm.  Rep.  for  1902,  p.  11 ;  Capetown,  190S.  Also  '*  Qeological 
Surrey  of  Elliott  and  Xalanga,*'  by  A.  L.  du  Toit :  Qeol.  Comm.  Bep.  lor  1903, 
p.  109 ;  Cape  Town,  1904. 

*  £.  T.  Mellor :  Transvaal  Qeol.  Sunr.  Bep.,  1904,  p.  31 ;  Pretoria,  1905. 
Also  Trans.  Qeol.  Soc.  S.  Air.,  vol.  tiu  (1905),  p.  37. 
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piirographioal  habit  of  these  amygdaloidB  to  the  lavas  of  the  Toloanic 
Sroap  of  the  Drakensberg  and  Malutibei^.  In  this  connection,  the 
dtsoovery  by  the  Survey  of  a  '  pipe  amygdaloid '  in  the  Bashveld 
lavas,  similar  to  the  characteristic  rook  of  the  Storraberg  Volcaoie 
Gronp,  is  noteworthy. 

The  dolerite  introsions,  which  are  so  widely  distributed  in  the 
Karroo  rooks,  and  form  such  a  striking  feature  in  their  scenery, 
belong  to  a  period  somewhat  posterior  to  the  volcanic  eruptions 
of  the  Stormberg  epoch ;  their  late  limit  is  fixed  by  the  fact  that 
boulders  of  the  typical  dolerite  have  been  found  in  the  Umtamvuna 
(Upper  Cretaceous)  rocks  of  the  Pondoland  coast.^  Intermediate  in 
age  between  the  Stormberg  volcanoes  and  the  period  of  intrusion  of 
the  Karroo  dolerites,  are  the  volcanic  pipes  so  well  known  on 
account  of  the  diamond  being  a  constituent  of  their  breccia  filling  at 
Kimberley  and  in  the  Transvaal.  The  facts  on  which  this  argument 
it  based  are  as  follows  : — The  Stormberg  lavas  are  occasionally 
penetrated  by  dykes,'  which  probably  belong  to  the  Karroo  doleritesv 
while  Messrs.  Rogers  and  Du  Toit '  have  shown  that  the  Sutherland 
pipes,  which  are  analogous  to  the  diamond-bearing  deposits,  except 
Chat  they  do  not  yield  diamonds,  are  of  later  age  than  the  latter. 

The  exact  period  at  which  the  Cape  Formation  and  the  overlying 
Karroo  Beds  were  folded  to  form  the  great  mountain  ranges  of  the 
Southern  Cape  (the  Zwarteberg,  Langeberg,  etc.)  cannot  be  fixed, 
bat  it  was  after  the  deposition  of  the  Lower  Karroo  Beds,  as  these 
are  involved  in  the  folding,  and  before  the  deposition  of  the 
Uitenhage  Beds,  since  the  latter  lie  undisturbed  on  the  folded  Cape 
Formation. 

To  summarise :  we  have  in  South  Africa  evidence  of  the  former 
existence  of  at  least  three  periods  during  which  the  greater  portion 
of  South  Africa  was  elevated  above  sea-level,  besides  the  one  we 
live  in,  which  has  endured  since  Karroo  times.  The  first  of  these  is 
indicated  by  the  break  in  the  succession  below  the  Witwatersrand 
System ;  the  second  by  the  volcanic  and  fluviatile  deposits  of  the 
Ventersdorp  System,  and  the  unconformity  between  the  latter  and 
the  succeeding  Potchefstroom  System ;  and  the  third  by  the  break 
between  the  Potchefstroom  and  the  Waterberg  Sandstone.  Between 
these  must  have  intervened  three  periods,  during  which  a  large 
portion  of  South  Africa  was  submerged,  and  the  marine  and  littoral 
sediments  of  the  Witwatersrand,  the  Potchefstroom,  and  the  Cape 
Systems  were  deposited ;  and  a  long  period  of  fresh-water  sedi- 
mentation doring  which  the  Karroo  rocks  were  accumulated  by  the 
i^ncy  of  vast  river  systems  discharging  into  great  lakes.  The 
coastid  deposits  (the  Uitenhage  and  Umtamvuna  Series),  which  are 
marine  deposits  of  a  later  (Cretaceous)  period,  are  not  considered 
here,  as  they  play  only  an  insignificant  part  in  the  geology  of  South 
Africa ;  and  I  have  limited  myself  to  the  close  of  the  Karroo  period. 

1  Bogers  &  Schwarz :  Ann.  Eep.  Geol.  Comm.,  1901,  pp.  25-46  ;  Capetown,  1902. 

»  A.  C.  du  Toit,  **  The  Forming  of  the  Drakensberg  ** :  Trans.  S.  Air.  Phil.  Soc., 
ToL  xri  (1906),  p.  67. 

s  Rogers  k  Da  Toit,  '*The  Satherland  Volcanic  Pipes  and  their  Belationship 
to  other  Vents  in  South  Africa'' :  Trans.  S.  Afr.  Phil.  Soc,  toI.  xt  (1901),  ^.  61, 
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It  is  not  likely  that  at  any  period  sinoe  its  first  npheaval  the 
whole  of  South  Africa  has  been  submerged ;  indeed,  there  is  evidenoe 
that  the  northern  region  remained  uncovered  and  subject  to  erosion 
np  to  the  commencement  of  Karroo  times.  On  the  other  hand,  it  is 
unlikely  that  the  continent  has  always  had  its  present  limits ;  the 
similarity  of  the  remarkable  Damuda-Talchir  flora  of  India,  the 
Newcastle  flora  of  Australia,  and  the  Lower  Karroo  flora  of  South 
Africa  indicates  that  in  Permo-Carboniferous  times  South  Africa 
was  probably  united  to  India  and  Australia  to  form  one  great 
continent,  which  Suess'  has  named  Gondwanaland.  Blanford' 
even  suggests  that  in  Mesozoic  times  South  Africa  was  also  con- 
nected with  South  America,  so  that  *'a  girdle  of  land  may  have 
extended  round  nearly  three-quarters  of  the  earth's  circumference,** 
from  Peru  to  New  Zealand. 

Volcanoes  have  played  a  great  role  in  the  geological  history  of 
South  Africa,  and  the  traces  of  this  igneous  activity  survive  in  the 
form  of  lavas,  with  or  without  volcanic  tuffs  and  breccias,  or  in  the 
various  forms  of  intrusive  igneous  material  (laccolites,  sills,  dykes^ 
etc.),  or  again  as  volcanic  necks  and  *  pipes.'  There  are  at  least 
five  distinct  periods  in  which  South  Africa  has  been  the  theatro 
of  intense  igneous  activity,  and  the  ages  of  these  may  be  arranged 
as  follows :  ~ 

1.  Between  the  close  of  the  Witwatersrand  and  the  commence- 
ment of  the  Potchefstroom  periods,  the  period  of  the  eruption  of 
the  Yentersdorp  lavas,  tuffs,  and  breccias. 

2.  A  period  commencing  after  the  close  of  Potchefstroom,  and 
extending  into  the  early  Waterberg  times,  in  which  the  intrusion 
and  eruption  of  the  Bed  Granite  and  associated  felsite  took  place. 

8.  At  the  close  of  the  Stormberg  epoch,  eruption  of  the 
Stormberg  lavas. 

4.  Between  the  close  of  the  Karroo  period  and  the  commence- 
ment of  the  Qmtamvuna  (Upper  Cretaceous)  epoch,  intrusion  of  the 
dolerite  dykes  and  sills. 

5.  After  the  intrusion  of  the  dolerites,  formation  of  the  pipe 
breccias. 

With  this  summary  I  must  bring  my  account  of  the  geological 
history  of  South  Africa  to  a  close,  although  I  have  but  touched  the 
fringe  of  the  subject.  Much  remains  to  be  discovered  before  the 
secrets  of  the  past  can  be  completely  deciphered,  and  it  moat 
be  remembered  that  geology  in  South  Africa  is  still  young.  Ifc 
shows,  however,  a  vigorous  growth  for  all  its  youth,  and  I  am 
convinced  that  in  the  next  few  years  great  progress  and  many  new 
discoveries  will  be  made.  In  this  progress  the  Qeological  Sodety 
of  South  Africa  will  doubtless  have  a  large  share,  and  uphold  or 
increase  the  high  standing  it  has  already  won. 

1  **  Das  Antlitz  der  Erde,"  vol.  i,  p.  768  ;  Vienna,  1886. 

*  W.  T.  Blanford :  Presidential  Address,  Proc.  Geol.  Soc.,  voL  xlvi  (1890),  p.  106. 
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By  A.  B.  Hunt,  F.L.S.,  F.G.S. 
IE  abstraot  in  the  Gbologioal  Magazine  of  Professor  Beck's 

DADer  on  Om  VAinn  Anil  nacrmatifaa  ia  t\f  en 


OmDKB  OF    SUPBRPOSITION    OF   THB    STRATIFIED    R0CK8   OF   SoUTH    AFRICA. 


PBAN 

LBMTS. 


Southern 
Cape  Colony. 


nc. 
:o- 

ONI- 
3U8... 


Karroo 
Spitem. 


/  Volcanic  Gnmp. 
'c*       V  7  Cave  Sandstone. 

\  Molteno  Beds. 
Beaufort 

,Ecca  and  Dwyka    


LAN. 


C'pe  lati!  ••• 


System,   liable  Mountain  Sandstone" 


«AN. 


Malmesbury  Series. 


Transtaal. 


Missitiff, 

Missing. 

=  Ecca  and  Dwyka. 

/w»^^>^>^^^^^^  (Unconformity  No.  V.) 

Mistififf, 
Missing, 
=  Waterberg  Sandstone. 

^^^^^...^ (Unconformity  No  IV.} 

rotchef-       I  Pretoria  Beds. 
Htroom       <  Dolomite  Series. 
System.      (  Black  lievi  Series. 

(Unconformity  No.  III.) 

Boulder  Beds,  Volcanic 
Breccias,  Kliprivers- 
borg  Amygdaloid,  etc. 

Elsburg  Conglomerates. 

(Unconformity  No.  II.) 

/  Upper  Witwatersrand 
\      Beds 

j  Lower  Witwatersrand 
'      Beds. 

(Unconformity  No.  I.) 


Venters- 
dorp 
Svstem. 


Witwaters- 
rand 
Svstem. 


=  Swaziland  Svstem. 


Phis  slip  is  intended  to  correct  the  Table  given  in  Dr.  F.  H.  Hatch's  Address,  Part  I, 
98,  in  the  March  number,  1906,  in  which,  by  an  error,  the  Devonian  formation 
\  made  to  embrace  with  a  bracket  all  the  older  Transvaal  rocks. — Edit.  Gbol.  Mao. 
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[lermann,  and  others. 

1 1889  I  wrote  that  the  "brine  and  salt  crystals     .     .     .     tell 

learly  enough  that  we  have  superheated  water  to  deal  with,  and 
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It  is  not  likely  that  at  any  period  einoe  its  first  upheaval  the 
whole  of  South  Africa  has  been  submerged ;  indeed,  there  is  evidence 
that  the  northern  region  remained  uncovered  and  subject  to  erosion 
up  to  the  commencement  of  Karroo  times.    On  the  other  hand,  it  is 


*  W.  T.  Blanford :  PresiJentiai  Ji&eaa,  Proc.  Geo!.  Soc.,  voL  xItI  (1890),  p.  106. 
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IV. — SUPBBHSATBD   WaTIB. 

By  A.  B.  Hunt,  F.L.S.,  F.G.8. 

THE  abstraot  in  the  Gbologioal  Magazine  of  Professor  Beck's 
paper  on  ore  veins  and  pegpnatites  is  of  great  interest  to  myself, 
as  it  deals  with  two  points  whioh  I  pressed  on  geologists  in  1894 
and  earlier,  viz.,  the  crystallisation  of  vein-minerals  out  of  super- 
heated water,  and  the  doubtful  origin  of  that  water.  The  special 
difBcnlty  is  raised  by  the  Dartmoor  veins,  as  the  water  they  contain, 
together  with  the  granites,  is  sometimes  salt  and  sometimes  fresh, 
and  is  of  all  degrees  of  original  supersaturation.     I  wrote  as  follows : 

"The  question  as  to  the  marine  or  plutonic  origin  of  the  brine- 
inclusions  referred  to  is  of  transcendent  importance  in  connection 
with  the  question  as  to  whether  the  water  ejected  by  volcanoes  is 
of  meteoric  or  marine  origin,  or  derived  from  the  interior  magma " 
{QsoL.  Mag.,  1894,  p.  99). 

Then,  referring  to  the  various  theories  current  about  the  Dartmoor 
granite,  I  wrote : 

<'It  wonld  greatly  facilitate  further  research  in  the  Dartmoor 
4irea  if  the  following  three  points  could  be  definitely  decided  : — 

"  (1)  Whether  the  volcanic  hypothesis  is  tenable  ? 

'<  (2)  Whether  the  chlorides  in  the  quartzes  are  of  marine  or 
flutonic  derivation? 

"  (3)  An  explanation  of  the  immediate  juxtaposition  of  brine  and 
fresh-water  inclusions." 

The  latter  are  sometimes  within  -isojro  of  an  inch  of  each  other. 
One  of  these  pairs  is  figured  and  described  on  p.  102  of  the  paper 
referred  to. 

At  the  time  I  wrote,  in  1894,  I  laboured  under  the  extraordinary 
delusion  that  I  had  onginated  the  idea  of  the  marine  origin  of  the 
brine  locked  up  in  veins  and  granites,  having  arrived  at  that 
conclusion  entirely  through  the  i  and  iV  objectives.  I  thought  it 
a  problem  of  micro-petrology  solely.  But  Sir  Henry  de  la  Beche 
had  actually  before  1839  postulated  the  action  of  superheated  salt 
water  (i.e.  "greatly  heated  water  under  pressure")  in  deep-seated 
and  therefore  **  greatly  heated  "  fissures  in  the  earth's  crust  (Report 
Devon  and  Cornwall,  p.  387).  De  la  Beche's  priority  of  suggestion 
I  fully  acknowledged  in  the  Geological  Magazine  in  1901,  in 
'*The  Age  of  the  Earth  and  the  Sodium  of  the  Sea,"  but  I  never 
succeeded  in  making  a  single  convert,  and  the  late  General  MaoMahon 
assured  me  with  equal  kindness  and  candour  that  be  thought  my 
theory  unthinkable. 

1  should  be  well  satisfied  if  1  could  only  establish  the  first  step, 
viz.  the  crystallisation  of  veins  and  pegmatites  from  superheated 
water,  as  I  wonld  trust  all  the  rest  to  follow.  According  to 
Professor  Beck  this  first  step  is  allowed  by  such  distinguished 
foreign  observers  as  Messrs.  Brogger,  Rosenbusch,  Arrhenius,  Vogt, 
Gmbermann,  and  others. 

In  1889  I  wrote  that  the  "  brine  and  salt  crystals  .  .  .  tell 
us  clearly  enough  that  we  have  superheated  water  to  deal  with,  and 
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water  highly  charged  with  salts ;  but  water  it  is,  and  not  gas  ...**' 
(Trans.  Dev.  Assoc,  1889,  p.  244). 

Granted  this  first  step,  and  I  believe  we  shall  ultimately  reach 
the  following  conclusion,  viz.,  that  our  planet  oonsolidated  first  on 
the  surface  of  the  molten  spheroid,  in  the  form  of  a  floating  slag ; 
that  all  the  plutonio  rocks,  as  we  know  them,  are  the  result  of 
the  world-old  conflict  between  the  waters  on  the  surface  and  the 
heat  beneath  the  surfiace ;  and  that  all  the  water  we  see  locked  up 
m  granites  and  schists,  whether  in  the  form  of  water  or  of  hydrous 
minerals,  came  originally  from  above  and  not  from  below.  It  will 
no  doubt  be  considered  a  very  large  order,  but  I  believe  there  is^ 
a  sufficient  deposit  in  the  bank  of  fact  to  meet  the  whole  drafL 

Perhaps,  to  make  sure,  I  had  better  explain  that  by  '  meteorio  ^ 
water  I  only  meant  water  derived  from  the  atmosphere,  as  dis* 
tingnished  from  water  derived  from  the  sea. 

Professor  Beck  makes  the  important  incidental  remark  that 
tourmaline  is  '*the  characteristic  mineral  of  all  pegmatiteB."' 
Although,  according  to  English  textbooks,  tourmaline  is  only  an 
occasional  constituent  of  English  pegmatites,  I  wish  that  when  it 
does  therein  occur  it  might  be  accepted  as  an  original  mineral,  and 
not  derived  from  mica.  Certainly,  if  oharacteristio,  it  can  acaioely 
be  derived  and  secondary. 

An  interesting  subject  in  connection  with  superheated  water  is 
the  plutonic  character  of  the  changes  so  commonly  observed  in 
diabases.  In  the  course  of  my  examination  of  the  Devon^lre  green 
schists  I  examined  several  of  the  most  altered  Devonian  diabases, 
and  was  much  interested  to  note  that  one  not  only  met  with  very 
active  bubbles  in  the  secondary  minerals,  but  also  crystal  deposits 
in  the  fluid  inclusions,  similar  to  those  in  granite,  only  not  markedly 
cubic.  Then  in  the  green  schists  we  find  fluid  inolu8ioi\s  in  the 
secondary  albite  granules.  To  find  what  were  onoe  p088U)ly 
volcanic  tuff's  exhibiting  full  plutonic  characteristics  was  to  myself 
interesting  and  unexpected ;  but  when  I  brought  this,  to  me,  novel 
aspect  of  superheated  water,  under  the  description  of  hydrothermal 
metamorphosis,  before  the  British  Association  at  Belfast,  a  friend 
kindly  informed  me  that  the  Committee  of  Section  0  did  not 
consider  my  subject  new. 

Dr.  Sorby,  no  doubt,  referred  to  the  inclusions  in  the  qnartses  of 
schists,  both  detrital  grains  and  secondary,  in  his  addresses  to  the 
Microscopical  and  Geological  Societies,  but  I  was  quite  unaware  thai 
any  work  had  been  done  on  the  inclusions  in  the  seoondary  quarties 
and  felspars  of  green  schists  and  diabases.  When  one  oarefally 
explores  one  of  these  quartz  grains  in  an  altered  diabase»  under 
a  high  power  and  strong  light,  the  phenomena  seen  are  strikingly 
similar  to  the  secondary  quartzes  seen  in  some  plutonio  felspars ; 
both  containing,  as  they  sometimes  do,  belonites,  active  babbles,  and 
deposited  crystals.  Both  results  seem  due  to  oorrosion  by  saper- 
heated  water  charged  with  minerals  and  saltSt  followed  by  the 
crystallisation  of  fresh  minerals  out  of  such  water. 

Of   course,  in  my  own    case,  these    have    been    only 
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obeenrationB  incidental  to  other  work,  and  I  only  wish  I  knew 
where  the  speoial  sahject  has  heen  studied  and  described.  The 
hydrothermal  phenomena  of  the  Devonian  diabases,  of  the- 
iKdYonshire  quartz-  and  mica-schists,  and  of  the  green  rocks,  and 
of  the  so-called  pegmatite  felspathic  veins  connected  with  the  green 
locks  ~ these  present  to  my  mind  the  most  interesting  problems  in 
the  debatable  Devonshire  area,  and,  compared  with  them,  the 
question  as  to  whether  the  schists  are  Archaean  or  Devonian,  or, 
IB  has  recently  been  suggested,  any  possible  age  between  those 
geological  horizons,  does  not  matter  Uie  toss  up  of  a  bad  half- 
penny. Gertainly,  if  neither  Archaoan  nor  Devonian  I  do  not  care 
what  they  are. 

I  may  perhaps  explain  that  I  have  never  possessed  a  first-rate^ 
petrological  microscope,  and  that  for  the  work  above  referred  to  the 
small  students'  microscopes  are  about  as  useful  as  a  pocket  lens, 
as  a  mechanical  stage  and  a  somewhat  elaborate  achromatic 
condenser  are  as  essential  as  are  high-powered  objectives.  But  the 
old  microscopes  with  these  fittings  are  lacking  in  other  advantages. 
This  fact,  in  addition  to  my  not  being  well  grounded  in  the 
identification  of  minerals,  makes  it  impossible  for  me  to  attempt 
any  difficult  work  myself,  and  that  is  really  the  reason  why  I  have 
so  often  pressed  these  questions  upon  others,  when  every  motive  of 
self-interest  would  have  bade  me  avoid  unpopular  doctrines  and 
keep  to  the  beaten  track. 

The  motion  of  bubbles  is  the  easiest  proof  of  the  presence  of  fluid. 
The  following  device,  to  induce  a  bubble  to  raove,  may  not  be  known 
to  all  microsoopists.  If  the  substage  condenser  is  furnished  with 
a  rotating  diaphragm,  to  allow  of  oblique  light  from  any  point,  such 
a  diaphragm,  if  rotated  under  strong  lamp  light,  will  often  make 
a  babble  move  owing  to  the  heat  thrown  laterally  upon  the  fluid 
inclusion. 

Considering  the  attention  paid  to  the  subject  of  superheated  water 
by  Dr.  Sorby  and  my  eminent  namesake,  the  late  Dr.  Sterry  Hunt, 
more  than  a  quarter  of  a  century  ago,  it  is  most  remarkable  that  the 
investigation  has  not  been  followed  up  with  more  vigour  and 
determination  by  their  successors.     It  is  well  worth  conquering. 


y. — Thk  Pendleton  Eabth- shake  of  November  25th,  1905. 

By  Chables  Dayison,  Sc.D.,  F.G.S. 

PENDLETON  lies  on  the  north-west  side  of  Manchester  and 
within  the  borough  of  Sal  ford,  and  is  traversed  by  the  well- 
known  Pendleton  or  Irwell  Valley  fault,  a  fault  which  has  been  traced 
for  more  than  twenty  miles  from  the  neighbourhood  of  Bolton  to 
that  of  Poynton  in  Cheshire.  The  fault  is  still  slowly  growing,  for,. 
on  February  10th,  1889,  a  slip  near  Bolton  gave  rise  to  an  earth- 
quake of  intensity  6,  felt  over  an  area  of  about  2,500  square  miles.' 
Small   superficial  movements  may  also  be  taking  place  close  to 

»  GiOL.  Mao.,  Dec.  Ill,  Vol.  VIII  (1891),  pp.  306-316. 
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Pendleton,  though  here  probably  aided  by  mining  operations. 
Within  the  last  seven  years  there  have  been  looal  shakes  on  three 
ocoasions,  namely,  February  27th,  1899,  April  7th,  1900,  and 
November  25th,  1905.  The  materials  for  the  study  of  the  first  two 
of  these  shakes  are  not  quite  sufficient  to  determine  the  boundaries 
of  their  disturbed  areas  with  aoouraoy.  The  areas  appear,  however, 
to  have  been  approximately  oiroular  in  form  and  about  four  or  five 
miles  in  diameter.  In  both  oases  the  intensity  of  the  shook  was  4, 
or  nearly  5.  In  1899  the  centre  of  the  disturbed  area  was  about 
half  a  mile  north  of  Pendleton  and  a  short  distance  on  the  north-east 
or  downthrow  side  of  the  Pendleton  fault ;  in  1900  it  lay  a  mile  or 
two  farther  to  the  south  or  south-south-east  of  the  former  oentre.^ 


Bdltoix 


r 
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Fio.  1. — Isoseismal  lines  of  Pendleton  Earth -shake,  Nov.  25th,  1905. 

The  earth-shake  of  November  25th,  1905,  was  strong  enough  to 
be  noticed  in  many  besides  looal  newspapers,  and  was  investigated 
without  delay.  The  materials  for  its  study  are  therefore  abundant, 
the  following  account  being  based  on  139  records  from  45  places, 
and  on  negative  records  from  4  places. 


»  Geol.  Mao.,  Dec.  IV,  Vol.  VII  (1900),  p.  175 ;    Dec.  IV,  VoL  VIII  (1901), 
p.  361. 
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The  shook  ooonrred  at  3.42  a.in.,  the  oentre  of  the  disturhed  area 
beiDg  f  mile  north  of  the  oentre  of  Pendleton  (in  lat.  53^  29-6'  N., 
long.  2^  15-8'  W.).  At  this  place  the  intensity  of  the  shock  was  7, 
and  not  mnch  helow  8,  for  there  was  some  slight  damage  done^ 
seToral  ohimney-pots  and  one  chimney-stack  being  thrown  down. 
On  the  aooompanying  map  (Fig.  1,  which  is  bounded  by  the  parallels 
of  53^  37'  and  53°  23'  N.  lat.  and  by  the  meridians  of  2°  4'  and 
2P  29*  W.  long.)  four  isoseismals  are  shown,  corresponding  to 
intensities  7  to  4.  The  isoseismal  7  is  3  miles  long.  If  miles  wide, 
and  4  square  miles  in  area,  but,  towards  the  east,  the  curve  may  not 
be  quite  accurately  drawn.  The  next  isoseismal,  of  intensity  6,  is 
6  miles  long,  4^  miles  wide,  and  contains  21  square  miles ;  the 
iioseismal  5  is  9^  miles  long,  7^  miles  wide,  and  56  square  miles  in 
area ;  while  the  isoseismal  4,  which  bounds  the  disturbed  area,  is 
15^  miles  long,  12  miles  wide,  and  includes  an  area  of  144  square 
mues.  The  longer  axes  of  the  isoseismal  lines  are  parallel  or  nearly 
BO,  and  run  from  N.  37°  W.  to  S.  37°  B.  The  distances  between 
the  isoseismals  are  approximately  the  same  on  both  sides  of  the 
longer  axes. 

The  shock  was  brief  in  all  parts  of  the  disturbed  area,  the  average 
of  11  estimates  of  the  duration  being  2^  seconds.  It  consisted  of 
a  few-  prominent  vibrations,  quick-period  tremors  having  been 
apparently  absent. 

The  sound-area,  which  is  bounded  by  the  dotted  line  on  the  map, 
is  lOf  miles  long,  8|  miles  wide,  and  contains  70  square  miles. 
It  includes  the  whole  of  the  isoseismal  5,  but  falls  short  of  the 
isoseismal  4  in  all  directions.  The  sound  was  heard  by  75  per  cent, 
of  the  observers.  By  14  per  cent,  of  these  it  was  compared  to 
passing  traction  engines,  etc.,  by  13  per  cent,  to  thunder,  by  4  to 
wind,  9  to  loads  of  stones  falling,  31  to  the  fall  of  a  heavy  body,  and 
by  29  per  cent,  to  explosions ;  that  is,  31  per  cent,  of  the  observers 
refer  to  types  of  long,  and  69  to  types  of  short,  duration.  The 
beginning  of  the  sound  preceded  that  of  the  shock  in  49  per  cent,  of 
the  records,  coincided  with  it  in  24,  and  followed  it  in  27,  per  cent. ; 
while  the  end  of  the  sound  preceded  that  of  the  shock  in  13  per  cent. 
of  the  records,  coincided  with  it  in  16,  and  followed  it  in  71, 
per  cent  The  duration  of  the  sound  was  greater  than  that  of  the 
shock  in  87,  and  equal  to  it  in  13,  per  cent,  of  the  records. 

In  the  rapid  decline  of  intensity  outwards  from  the  epicentre,  and 
in  the  nature  of  the  sound-phenomena,  the  Pendleton  earth-shake 
differs  widely  from  other  shocks  in  Great  Britain. 

(i)  Decline  of  Intensity. — During  the  last  seventeen  years  there 
have  been  eight  British  earthquakes  of  intensity  7  (and  nearly  8), 
namely,  the  Inverness  earthquakes  of  1890  and  1901,  the  Pembroke 
earthquakes  of  1892  and  1893,  the  Derby  earthquakes  of  1903  and 
1904,  the  Carnarvon  earthquake  of  1903,  and  the  Doncaster  earth- 
quake of  1905.  In  the  following  Table,  the  average  areeis  contained 
by  the  different  isoseismals  are  contrasted  with  the  corresponding 
figoias  for  the  Pendleton  earth-shake  : — 
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ISOSSUMAL. 

Abba  in  Suvabb  Milbs. 

Average  of  the 
above  ewihqaakee. 

PendletoB 
earth-shake. 

7 
6 

5 
4 

500 

2,500 

8,300 

22,000 

4 

21 

56 

144 

(ii)  Sound-Phenomena. — In  earthquakes  which  distarb  an  area 
of  not  more  than  a  few  hundred  square  miles  the  average  percentage 
of  audibility  is  about  98,  and  the  sound-area  ooincides  with,  or  over- 
laps, the  disturbed  area.  Thus,  in  its  audibility  and  contracted 
sound-area,  the  Pendleton  earth-shake  differs  from  other  shocks 
with  a  small  disturbed  area.'  Nor  does  it  differ  less  in  the  nature  of 
the  sound,  as  will  be  seen  from  the  next  Table,  in  which  the  figures 
represent  percentages  of  the  total  number  of  comparisons  to  the 
different  types  mentioned,  for  slight  British  earthquakes,  the 
Pendleton  earth -shake,  and  similar  earth -shakes  of  small  and 
■approximately  circular  disturbed  areas. 


SOUND-TYPB. 

1 

Slight 
Earthquakes. 

Pexdleton 
Eakth-shakb. 

SXAT.T. 

Eabth-shabbb. 

Passing  waggons,  etc. 

Thunder      

Wind           

liOjids  of  stones  falling 
Fall  of  heavy  body... 

Explosions 

Miscellaneous 

31 

35 

3 

8 

6 

14 
4 

14 
13 
4 
9 
31 
29 
... 

•  •  • 

6 

•  •  • 

12 
35 
47 

•  •  • 

The  Pendleton  earth-shake  bears,  indeed,  a  closer  resemblance 
to  the  earthquakes  which  are  cbaracteri;3tic  of  volcanic  regions.  For 
the  sake  of  comparison,  I  reproduce  in  Fig.  2  the  map  of  the 
isoseismal  lines  of  the  Etnean  earthquake  of  August  8,  1894,^  on 
half  the  scale  of  the  map  of  the  Pendleton  shake.  The  curve 
marked  A  bounds  the  ruinous  zone,  in  which  buildings  were 
destroyed  and  several  persons  killed.  The  curve  B  bounds  the 
''  very  strong"  zone,  in  which  slight  damage  to  buildings  occurred; 
the  curve  C  the  '^ strong"  zone,  in  which  the  shock  was  strong 
enough  to  make  lamps,  eta,  swing ;  while,  in  the  *'  slight  *'  zone 
indicated  by  the  curve  D,  the  shock  was  just  strong  enough  to  be 
sensible. 

In  both  cases  it  is  clear,  from  the  rapid  decline  in  intensity,  that 
the  focus  was  situated  at  a  very  small  depth.  Secondly,  in  the 
Pendleton  earth-shake,  it  follows,  from  the  nature  of  the  sound,  that 
the  focus  was  of  larger  dimensions  than  in  the  weak  earth-shakes, 

^  M.  Baratta,  *'Intomo  ai  recenti  fenomeni  endogeni  avrenuti  neUa  regioM 
Etnea" :   Boll,  della  Soc.  Geogr.  Ital.,  Oct.  1894. 


Dr.  C.  Damaan — The  Pendleton  Earth-shake. 


175 


bat  smaller  Uian  in  that  of  the  slight,  but  true,  eardiqoakes.  Jadging 
from  the  lengths  of  the  axes  of  the  inner  isoseismal,  it  can  heurdly 
have  been  less  than  one  mile,  and  may  have  been  as  much  as  one 
and  a  half  miles,  in  length. 

If  the  earth-shake  were  due  to  fault-slipping,  the  direction  of  the 
originating  fault  must  be  parallel  or  nearly  so  to  that  of  the  longer 
axes  of  the  isoseismal  lines,  or  about  N.  87°  W.  to  S.  87°  E. ;  its 
bade  being  indeterminate,  since  each  pair  of  isoseismal  lines  is 
aeparated  by  the  same  distance  on  both  sides  of  the  longer  axes.^ 


Fio.  2. — Isoseismal  lines  of  Etnean  Earthquake,  Aug.  8th,  1894. 

Now,  in  the  neighbourhood  of  Pendleton,  the  mean  direction  of 
the  Pendleton  fault  is  from  N.  34°  W.  to  S.  34°  E.,  and  from  its 
position,  as  indicated  by  the  broken  line  on  the   map,   we   may, 

^  This  would  be  the  ease  if  the  Tertical  dimension  of  the  focus  was  small. 


176  A.  Marker — A  CordierUe-bearing  Lava 

I  think;  oonolude  that  the  earth-shake  was  dae  probably  to  a  slip  of 
this  fault,  but  possibly  to  a  snbsidenoe  along  a  band  determined  by, 
and  olosely  adjoining,  the  fault  What  the  depth  of  Uie  focus  was 
we  have  no  means  of  determining  exactly,  but  it  can  hardly  have 
been  greater,  and  was  probably  much  less,  than  a  quarter  of  a  mile, 
that  is,  considerably  less  than  the  depth  of  the  present  workings,, 
which  are  from  800  to  1,100  yards  below  the  surface. 

That  the  shock  was  primarily  due  to  work  in  connection  with  the 
mines  there  can,  I  think,  be  little  doubt.  The  slip,  whether  along 
the  fault  or  otherwise,  can  hardly  have  been  precipitated  directly  by 
the  withdrawal  of  the  coal,  but  rather,  as  suggested  to  me  by 
Mr.  Joseph  Dickinson,  by  the  pumping  of  water  in  the  overlying 
beds.'  On  this  supposition,  the  slight  depth  of  the  focus,  its  great 
horizontal  and  small  vertical  dimensions,  and  the  long  interval  that 
has  elapsed  since  the  working  of  the  coal  near  the  fault,  would  all 
receive  a  satisfactory  explanation. 


VI. — A  COBDIEBITE-BEABINQ   LaVA   FBOM  THB   LaKK  DiSTBIOT. 

By  Alfred  Habkeh,  M.A.,  F.R.S. 

ALTHOUGH  the  volcanic  rocks  of  the  English  Lake  District 
have  received  notice  from  time  to  time,  any  systematic  account 
of  them  from  the  petrographioal  side  has  yet  to  be  written.  The 
most  recent  contribution,  by  the  late  Mr.  E.  E.  Walker,'  treated 
especially  of  the  mode  of  occurrence  of  the  garnet,  which  is  so 
common  a  constituent,  not  only  of  the  lavas  and  tufifs,  but  of  the 
associated  intrusive  rocks,  probably  referable  to  the  same  Ordovidan 
age.  There  can  be  no  doubt  that  this  mineral  is  sometimes  a  primary 
constituent,  but  very  often  a  product  of  metamorphism.  The  object 
of  the  present  note  is  to  record  the  occurrence  in  one  instance 
of  a  rarer  mineral,  which  has  not  hitherto  been  observed  in  this 
series  of  rocks.  Cordierite  is  found  as  a  product  of  thermal  meta- 
morphism in  the  Coniston  Flags  near  the  Shap  Granite,'  and  in  the 
Skiddaw  Slates  of  the  Skiddaw  granite  area.*  In  the  latter  it  is 
remarkably  abundant  and  wide-spread.*  The  mineral  is  now  found 
to  occur,  as  an  exceptional  constituent,  in  the  volcanic  series. 

The  specimen  was  collected  sixteen  years  ago  on  Sty  Head  Pass^ 
just  south  of  the  watershed.  As  it  does  not,  to  the  eye,  present  any 
unusual  appearance,  its  occurrence  was  not  more  particularly  noted. 
It  comes  then  in  the  midst  of  the  volcanic  succession,  between  the 
principal  group  of  basic  lavas  and  the  thick  breccias  and  tuffs  which 
build  the  central  mountains  of  the  district.  Dr.  Marr '  has  expressed 
the  opinion  that  a  large  part  of  the  gametiferons  rooks  which  occur 

^  For  a  similar  suggestion  see  Geol.  Mao.,  Dec.  V,  Vol.  II  (1905),  p.  223. 
'  Quart.  Joum.  Geol.  Soc.,  vol.  Ix  (1904),  pp.  70-104. 
3  Hutching,  Geol.  Mao.,  1894,  pp.  65,  (i6. 

♦  Harker,  ibid.,  pp.  169,  170. 

*  Harker,  Naturalist^  1906. 

•  Proc.  Geol.  Assoc,  vol.  xtI  (1900),  pp.  476,  477,  and  map,  pi.  xiiL 
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at  or  about  thU  horizon  are  iotrusive ;  but  the  rook  in  question  baa 
tbe  cbaracters  of  a  lava,  and  those  with  which  it  is  associated  are 
apparently  lavas  and  breccias.  Most  of  these  rocks  on  Sty  Head 
Pass  are  more  or  lees  richly  gametiferous,  but  this  specimen  contains 
no  garnet 

A  thin  slice  (No.  1240  of  the  Sedgwick  Museum  collection)  shows 
crystals  of  cordierite  and  felspar,  with  other  minerals  less  abundant, 
in  a  fine-textured  felspathio  ground-masa.  The  cordierite  crystals 
are  about  '03  inch  long  and  '02  inch  broad,  and  are  invariably 
oomplex  twins.  A  cross-section  shows  a  hexagonal  outline  and, 
between  crossed  nicols,  the  well-known  division  into  six  fields,  of 
which  each  opposite  pair  have  like  optical  orientation.  The  mineral 
is  partly  fresh,  partly  converted  into  a  finely  divided  scaly  aggregate 
of  a  pale  yellowish  green  colour,  which  may  be  identified  with  the 
usual  'pinite'  alteration- product,  probably  a  mixture  of  white  mioa 
and  chlorite.  The  porphyritic  felspars,  giving  rectangular  sections 
'02  to  '05  inch  long,  usually  show  twin-lamellsd,  with  the  low 
extinction-angles  of  oligoclase.  There  are  also  untwinned  crystals, 
which  seem  to  be  orthoclase.  A  few  chloritic  and  ferruginous 
patches  probably  represent  decayed  angite,  and  there  are  occasional 
small  crystals  of  magnetite  and  apatite.  The  ground-mass  consists 
essentially  of  minute  felspar  rods  with  sensibly  straight  extinction. 
It  thus  appears  that  the  rock  has  trachytic  rather  than  andesitio 
characters,  but  it  is  not  fresh  enough  for  a  very  satisfactory  diagnosis. 
It  is  well  known  that  cordierite  occurs  in  some  abundance  in 
certain  volcanic  rocks,  notably  in  andesites  in  the  Eifel  and  the  Cabo 
de  Gata  district.  In  such  cases,  even  when  the  mode  of  occurrence 
of  the  mineral  proves  it  to  have  crystallized  from  the  igneous 
magma,  there  is  evidence  that  the  magma  had  been  contaminated 
by  dissolving  non-igneous  material.^  A  like  origin  may  perhaps  be 
suspected  in  the  case  of  the  cordierite  (usually  replaced  by  '  pinite ') 
in  some  granites  and  quartz-porphyries,  as  in  Cornwall,  Brittany, 
and  the  Black  Forest.  Nevertheless,  there  is  no  obvious  reason  why 
cordierite  should  not  occur  exceptionally  (as  corundum  undoubtedly 
does)  as  a  normal  constituent  of  igneous  rocks.  In  the  Sty  Head 
lava  there  is  nothing  to  suggest  directly  that  the  magma  has  enclosed 
and  absorbed  foreign  material,  and  the  rock  occurs  in  the  midst  of 
a  thick  series  of  purely  volcanic  nature.  Excepting  the  Skiddaw 
Slates  at  the  base,  which  contain  a  few  unimportant  lava-flows,  and 
the  Coniston  Limestone  group  at  the  top,  with  which  the  latest  lavas 
are  iuterbedded,  the  Lake  District  succession  presents  an  unbroken 
sequence  of  volcanic  rocks,  with  no  trace  of  sedimentary  material. 
Without  expressing  any  opinion  as  to  the  origin  of  the  cordierite, 
I  leave  the  question  in  the  hope  that  it  may  be  elucidated  by  the 
discovery  of  other  occurrences. 

'  For  a  di^usaion  of  this  question  see  Teall,  Proc.  Geol.  Assoc,  vol.  xvi  (1899), 
pp.  61-74. 
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Geolooioal  Sooistt  of  London. 

I.— February  16tb,  1906.--J.  E.  Marr,  ScD.,  F.RS.,  Preaident, 

Id  the  Chair. 

Annual  Gbnebal  Meeting. 

The  Beports  of  the  Council  and  of  the  Library  and  Museum 
Committee  for  the  year  1905,  proofs  of  which  had  been  previously 
distributed  to  the  Fellows,  were  read.  This  year  again  the  Council 
announced  a  decrease  in  the  number  of  Fellows,  although  the 
number  elected  was  48  (2  more  than  in  1904).  Of  these,  36  paid 
their  admission  fees  before  the  end  of  the  year,  making,  with  13 
previously  elected  Fellows,  a  total  accession  of  49  in  the  course  of 
tlie  twelve  months  under  review.  During  the  same  period,  the 
losses  by  death,  resignation,  and  removal  amounted  to  61  (8  more 
than  in  1904),  the  actual  decrease  in  the  number  of  Fellows  being, 
therefore,  12  (as  compared  with  a  decrease  of  3  in  1904).  The 
total  number  of  Fellows  on  December  31st,  1905,  was  1239. 

The  balance-sheet  for  that  year  showed  receipts  to  the  amount 
of  £3,371  9«.  Id.  (including  a  balance  of  £409  7«.  Id.  brought 
forward  from  1904),  and  an  expenditure  of  £3,066  6«.  lOd. 

It  was  stated  that  increasingly  rapid  progress  was  being  made 
with  Mr.  C.  Davies  Sherbom's  manuscript  Card-Catalogue  of  the 
Library,  and  that  "  the  end  was  now  in  sight." 

It  was  further  stated  that,  Mr.  Sherborn  having  intimated  his 
inability  to  undertake,  after  the  end  of  1905,  the  preparation  of 
the  catalogue-slips  for  the  International  Catalogue  of  Scientific 
Literature,  a  Committee  was  appointed  to  review  the  part  hitherto 
taken  by  the  Society  in  furnishing  the  slips  for  British  Geology  to 
the  Central  Bureau,  and  that  Committee  had  recommended  the 
discontinuance  of  the  work  under  present  conditions.  The  Com- 
mittee had  also  recommended  that  modifications  be  made  in  the 
Society's  Kecord  of  Geological  Literature,  so  as  to  include  all 
geological  literature  published  in  Britain,  and  that  slips  from  the 
aforesaid  Eecord  shall  be  available  for  the  purposes  of  the  Central 
Bureau  of  the  International  Catalogue  of  Scientific  Literature. 

It  was  announced  that  substantial  progress  had  been  made  in  the 
preparation  of  the  forthcoming  Centenary  Eecord  of  the  Society, 
initiated  by  Mr.  Horace  B.  Woodward. 

Be  Terence  was  made  to  the  lamented  decease  of  Dr.  W.  T.  Blanford, 
and  to  the  steps  taken  to  fill  up  the  vacancies  in  the  Treasurership 
and  on  the  Council  which  his  decease  had  created. 

The  list  of  Awards  of  the  various  Medals  and  Proceeds  of  Donation 
Funds  in  the  gift  of  the  Council  was  read. 

The  Report  of  the  Library  and  Museum  Committee  enumerated 
the  extensive  additions  made  to  the  Society's  Library,  and  gave  some 
details  as  to  the  Card- Catalogue. 
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The  Reports  having  been  reoeived,  the  President  presented  the 
Wollaston  Medal  to  Dr.  Henry  Woodward,  F.H.S.|  addressing  him 
as  follows : — 

Dr.  Woodward, — The  Wollaston  Medal,  the  highest  honour  which  it  is  in  the 
ihower  of  the  Society  to  bestow,  has  been  unanimously  awarded  to  you  by  the 
Council  in  recognition  of  Tour  researches  concerning  the  mineral  structure  of 
the  Earth,  and  particularly  of  your  valuable  contributions  to  the  science  of  Palseon* 
tology,  and  more  especially  to  our  knowledge  of  the  fossil  Arthropoda. 

There  are  many  reasons  why  your  fellow-workers  and  frienos  should  rejoice  at 
this  award. 

As  Director  of  the  Geological  Department  of  the  British  Museum,  your  duties 
must  hare  been  heavy,  but  you  have  found  time  for  an  extraordinary  amount  of 
work  in  addition  to  that  necessitated  by  your  official  position. 

Many  are  the  learned  Societies  which  are  indebted  to  you  for  counsel.  Besides 
our  own  I  may  mention  the  Zoological,  Pala^ontograpnical,  Microscopical,  and 
Halacological  Societies,  the  Geologists'  Association,  and  the  Museums  Association. 
Your  labours  on  behalf  of  these  Societies  have  been  recognized  by  your  having  been 
called  upon  to  occupy  the  Presidential  Chair  of  the  greater  number  of  them. 

The  debt  which  geologists  owe  to  you  as  Editor  of  the  Geological  Maoazinb 
was  admitted  by  Dr.  Bonney,  when,  twenty  years  ago,  on  behalf  of  numerous 
subscribers  he  presented  a  testimonial  to  you  in  these  apartments.  That  debt  is  now 
more  than  doubled,  for  you  have  been  Editor  of  the  Marine  for  over  forty  years, 
and  during  the  greater  port  of  that  period  its  chief  Editor.  In  addition  to  this  we 
are  deeply  grateful  to  you.  and  especially  to  her  who  has  ever  interested  herself  in 
your  labours,  for  the  ** Index  to  the  Geological  Magazine"  which  appeared  last 
vear.  It  is  a  happy  circumstance  that  the  bestowal  of  this  Medal  upon  you  occurs 
m  a  monUi  which  witnesses  the  publication  of  the  500th  number  of  that  Magazine. 
Long  may  the  Magazine  continue  to  flourish  in  the  hands  of  its  present  Editor  ! 

r^.  Bonney,  on  the  occasion  to  which  I  have  alluded,  paid  a  just  tribute  to  your 
^eat  kindness  to  other  workers,  and  especially  to  the  encouraj^cment  that  you  nave 
evc-r  given  to  the  younj^.  I  gratefully  remember  the  time  when  I,  as  an  under- 
graduiit^:^,  ent^^red  with  teelings  of  trej)i^ati<»u  the  room  of  the  Geoloirical  Department 
of  the  British  Museum,  then  at  Bloom«bun-,  how  I  was  at  once  put  at  ease  by  you, 
and  the  help  which  I  received.  My  experience  has  been  that  of  many,  and  all  who 
have  benefited  by  your  kindness  will  feel  pleasuie  in  the  award  of  tliis  Medal  to  you. 

But  although  the  services  which  I  have  mentioned  are  reasons  for  rejoicing  at  the 
award,  they  are  merely  subsidiary  reasons  for  the  bost^iwal  of  the  jVledal.  The 
recipients  of  the  "\Vollast4)n  Medal  have  always  qualified  for  it  by  increasing  our 
knowledge  of  the  mineral  stmcture  of  the  Earth  by  their  own  researches.  It  is 
unnecessary  to  say  that  you  also  have  done  this,  'i'our  contributions  to  the  study 
of  the  paLcontolog)'  of  the  Invertebrates,  and  especially  of  the  fossil  Arthropoda,  are 
known  to  all  workers,  and  need  no  further  comment  on  my  part. 

I  am  glad  that  during  the  years  of  my  occupation  of  tms  Chair  the  Wollaston 
Medal  has  been  awarded  to  two  British  geologists,  the  one  a  distinguished  petrologist, 
the  other  an  eminent  paleontologist. 

Dr.  Woodward,  in  reply,  said  :  — 

Mr.  President,— It  is  now  forty  years  ago  (on  February  16th,  1866)  that  I  received 
from  the  President,  Mr.  William  John  Hamilton,  at  Somerset  House,  the  award  of 
tlie  Balance  of  the  Wollaston  Donation  Fund.  I  was  then  only  a  youth  of  34  years 
of  age,  and  little  dreamed  that  I  should  be  honoured  by  receiving  at  your  hands 
to-day  this  Medal,  the  highest  recognition  that  the  Council  can  bestow. 

I  f'ee-l  justified,  however,  in  attributing  this  great  honour  quite  as  much  to  the 
personal  friendship  of  the  Council  as  to  any  merit  of  my  own  ;  but  I  am  happy  to 
find  that  this  friendly  disposition  is  also  shared  by  a  large  body  of  the  Fellows  of  the 
Society  outside  the  Council,  who  have  by  letter  and  word  of  mouth  expressed  their 
kindly  approval  of  the  Council's  choice. 

I  was  elected  a  Fellow  of  this  Society  in  1864,  and  from  1867  until  1902  I  have 
been  (off  and  on)  a  Member  of  the  Council  (for  u  period  of  35  years),  and  served  also 
the  office  of  President  (1894-6),  so  that  I  naturally  feel  more  deeply  interested  in 
the  welfare  of  this  Society  than  in  any  other,  although  I  have  been  for  many  years, 
and  am  still,  intimately  associated  with  several  other  scientific  bodies  of  kindiod. 
pursuits  to  oar  own. 
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Toa  have  alluded^  Sir,  in  very  faTonrable  terms  to  mywork,  and  I  spedallj  desire 
to  thank  you  for  your  most  kind  reference  to  Mrs.  Woodward's  assistance  in  it, 
during  all  the  years  which  are  past,  when  we  have  worked  side  by  side  ;  but  it  would 
be  incredible  if,  having  had  the  erand  opportunities  afforded  to  me  during  forty-three 
years  in  the  British  Museum,  I  had  not  winnowed  out  some  store  of  good  grain  as 
a  contribution  to  the  stock  of  palseontological  knowledge  in  so  long  a  life. 

Whether  as  Editor  of  the  Gbolooical  Maoazinb  or  in  the  Geological  Depart- 
ment of  the  British  Museum,  my  greatest  aim  and  object  in  life  has  always  been  to 
be  of  assistance  to  others,  and  for  this,  I  am  glad  to  say,  I  have  won  the  friendship 
and  good-will  of  a  very  large  circle  of  my  fellow-workers,  who  have  by  their  kindness 
rewired  me  a  hundredfold,  as  you.  Sir,  in  the  name  of  the  Council  have  done 
to-day  by  the  bestowal  of  this  Medal,  for  which  my  grateful  thanks  are  due. 

The  President  then  presented  the  Murohison  Medal  to  Mr.  Charles 
Thomas  Clough,  M.A.,  of  H.M.  Geologioal  Survey,  addressing  him 
in  the  following  words  : — 

Mr.  Clough,  —  The  Council  have  awarded  the  Murchison  Medal  to  you,  in 
recognition  of  ^our  invaluable  contributions  to  Geological  Science  by  means  of  the 
maps  and  memoirs  executed  by  you  for  H.M.  Geological  Survey. 

Your  detailed  observations  on  the  igneous  and  metamorphic  rocks  of  Northern 
Britain  have  furnished  geologists  with  most  important  materml  for  the  elucidation  of 
many  intricate  problems.  Your  work  is  largely  recorded  in  the  various  Memoirs 
ci  the  Geological  Survey.  I  may  especially  refer  to  those  Memoirs  which  treat  of 
the  geology  of  the  Cheviot  Hills  and  of  the  Cowal  District  of  Arg)'llshire,  although 
your  contributions  to  our  science  are  also  included  in  several  other  volumes  of  which 
yoa  are  one  of  the  authors. 

Your  work  is  also  recorded  on  the  maps  of  those  areas  which  you  have  surveyed. 
To  produce  those  maps  required,  in  addition  to  the  ordinary  accomplishment  of 
a  geological  surveyor,  petrographical  and  other  knowledge  of  a  very  special  kind, 
and  they  form  a  ^tting  monument  to  your  skill.  Their  remarkable  execution  was 
recognized  by  the  selection  of  certain  of  those  of  Koss-shire  for  exhibition  at  the 
St.  Louis  Exhibition,  as  examples  of  the  maps  on  the  6  inch  scale  which  are 
produced  by  the  Geological  Surveyors  of  this  country. 

Once  again  the  Murchison  Medal  is  awarded  to  a  member  of  that  Survey  of  which 
the  founder  was  for  so  long  chief.  It  is  a  source  of  g^tification  to  me  that,  in  the 
two  years  of  my  oftice  as  President,  medals  have  been  awarded  to  two  old  members  of 
my  own  College,  pupils  of  my  College  tutor,  Dr.  Bonney. 

Mr.  Clough  replied  as  follows : — 

Mr.  President, — I  thank  the  Council  of  the  Geological  Society  very  much  for  the 
honour  that  they  have  conferred  upon  me,  and  you,  Sir,  for  the  very  kind  words  in 
which  you  have  spoken  of  my  work.  I  am  conscious  that  this  presentation  is 
a  matter  not  purely  to  myself — that  it  is  another  recognition  by  this  Society  of  the 
value  of  the  detailed  co-operative  work  carried  on  by  the  Geolo^cal  Survey — and  it 
is  to  me  a  great  additional  pleasure  to  be  thus  tacitly  associated  m  your  mmds  with 
colleagues  and  friends  with  whom  I  have  spent  so  many  happy  years.  I  have  now 
been  on  the  staff  of  the  Geological  Survey  for  more  tnan  thirty  years,  and  I  have 
seen  that  we  sometimes  get  on  the  wrong  track — that  we  have  our  *  downs  *  as  well 
as  our  *  ups ' — but  we  feel  that,  through  all  vicissitudes,  a  foundation  of  honest  work 
is  always  appreciated  by  our  brethren  of  the  hammer. 

It  is  a  pleasure  also  on  this  occasion  to  acknowledge  my  personal  indebtedness  to 
my  old  fnends  and  teachers  of  Cambridge  days,  and  particularly  to  Professor  Bonney 
and  Professor  Hughes.    I  feel  indeed  that  I  owe  to  others  more  than  I  can  tdl. 

In  handing  the  L3'ell  Medal,  awarded  to  Professor  Frank  Dawson 
Adams,  Ph.D.,  to  Sir  Archibald  Geikie,  Sc.D.,  Seo.B.S.,  for  trans- 
mission to  the  recipient,  the  President  addressed  him  as  follows : — 

Sir  Archibald  Geikie, — The  Lyell  Medal  is  awarded  to  Professor  Frank  D.  Adams 
as  a  mark  of  honorary  distinction,  and  as  an  expression  on  the  part  of  tiie  Council 
that  he  has  deserved  well  of  the  science,  particularly  by  his  contributions  to  oar 
ktfowledge  of  the  Geology  of  Canada. 
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Profenor  Adams  has  been  actively  engaged  in  the  stody  of  the  rocks  of  the  great 
Boninion,  and  by  work  in  the  field  and  the  laboratorr  has  contributed  lar^ly  to  oar 
knowledge  of  their  petrography  and  their  genesis.  The  stndy  of  those  ancient  rocks, 
the  pre-uambrian  age  of  wnich  was  ihrst  demonstrated  in  Canada,  has  advanced  far 
dming  recent  years ;  but  they  are  still  to  some  degree  enshrouded  in  mystery,  and  the 
labours  of  our  Medallist  are  throwing  light  upon  the  obscurity. 

He  is  also  occupied  with  work  among  igneous  rocks  oearine  upon  problems 
connected  with  petrographical  provinces  and  the  differentiation  of  i^eous  magmas. 
I  may  more  especially  allude  to  his  paper  on  '*  The  Monteregian  Hills— a  Canadian 
Petrographical  Province/'  publishea  in  the  Journal  of  Geology  for  April-May,  1903. 

Nor  has  he  occupied  himself  with  observation  to  the  ne^ect  of  experiment,  and 
one  result  of  his  lalx>ratory  work  is  that  most  interesting  and  suggestive  paper,  *'  An 
Experimental  Investigation  into  the  Flow  of  Marble,'*  written  m  conjunction  with 
Dr.  J.  T.  Nicholson,  and  published  in  the  Philosophical  Transactions  of  the  Royal 
Soaety  (ser.  A,  vol.  cxov,  p.  363).  The  experiments  described  in  this  paper  teid  to 
prove  that  not  only 

<*  The  solid  earth  on  which  we  stand, 
In  tracts  of  fluent  heat  began, 
And  grew  to  seeming  ranoom  forms. 
The  seeming  prey  of  cyclic  storms," 
bat  that,  even  now,  internal  tracts  which  are  in  the  ordinary  sense  solid, 

'•  flow 
From  form  to  form," 

with  results  which  have  a  most  important  effect  upon  various  rock -structures. 

Ptofessor  Adams  is  successful  also  as  a  teacher,  and  we  rejoice  to  know  that,  under 
his  care,  a  geological  school  flourishes  in  McGill  University,  endeared  to  us  all  by  its 
association  with  the  name  of  Sir  William  Dawson. 

We  r^ret  Professor  Adams's  absence  to-day.  Let  us  hope  that  we  may  welcome 
him  and  many  other  geologists  who  are  advancing  our  science  in  many  piurts  of  the 
Empire,  on  that  auspicious  occasion  in  the  commg  year  when  we  snail  celebrate 
the  centenary  of  the  foundation  of  our  Society. 

Sir  Archibald  Geikie,  in  reply,  expressed  the  pleasure  with  which 
he  received  this  Medal  on  behalf  of  his  friend  Professor  Adams, 
from  whom  the  following  letter  had  just  been  received  in  answer  to 
the  Secretary's  announcement  of  the  award  : — 

**  Petrographical  Laboratory,  McGill  University,  Montreal,  February  2nd,  1906. 

''*  Professor  Edmund  J.  Garwood,  M.A.,  Secretary  of  the  Geolo^cal  Society. 

**  Dear  Sir, — 

**  I  have  received  your  kind  letter  conveying  the  very  welcome  and  most 
nnexpected  information  that  the  Council  of  the  Geological  Society  have  this  year 
awarded  to  me  the  Lyell  Medal.  I  regret  extremely  that  it  is  impossible  for  me  to  be 
in  London  at  the  time  of  the  annual  meeting,  so  tnat  I  might  have  the  pleasure  of 
receiving  the  Medal  in  person. 

**  It  Id  impossible  for  me  to  express  adequately  my  thanks  to  the  Council  of  the 
Geological  Society  for  the  great  and  unexpected'  honour  which  they  have  done  me. 
Bir  Charles  Lyell's  name,  known  as  it  is  wherever  geolog)-  is  taught,  is  among  us  here 
associated  with  very  kindly  memories.  For,  during  his  second  visit  to  America, 
Sir  Charles  met  Dr.  (afterwanls  Sir  William)  Dawson,  then  a  young  man  commencing 
his  geological  work,  and  with  him  visited  and  studied  the  now  renowned  Joggins 
section  of  the  Carboniferous  of  Nova  Scotia.  Lyell's  help,  counsel,  and  encourage- 
ment at  that  time,  greatly  stimulated  Dawson  to  increased  endeavour  and  further 
work.  In  1881  Dawson  became  the  recipient  of  the  Lyell  Medal,  indicating  that 
his  endeavours  had  been  crowned  with  some  measure  of  success.  As  Sir  "William 
Dawson  was  my  earliest  teacher  in  geolog}',  as  well  as  my  predecessor  in  the  Chair 
which  I  now  nold,  the  award  of  the  Lyell  Medal  a  second  time  to  the  Logan 
Profeeeor  of  Geology  at  McGill  University  will  still  further  serve  to  i)erpetuate 
Lyell's  memory  here,  and  to  strengthen  the  bond  of  union  between  the  geologists  of 
Canada  and  the  great  Geological  Society  which  has  its  seat  at  tlie  Capital  of  the 
Empire. 
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"Please  convey  to  the  Council  of  the  Sode^  mj  smoere  appreciation  of  the 
honour  which  they  have  done  me,  and  accept  my  best  thanks  for  the  Tery  kind  words- 
of  your  letter  in  which  you  conveyed  the  announcement  of  the  ^ift. 

**  I  remain,  yours  most  sincerely, 

'*  Fbank  D.  Adams." 

Professor  Adams  was  still  in  the  full  rigour  of  life,  and  there  was  every  reason  to 
hope  that  his  distinguished  career  would  be  prolonged  for  manv  years  to  come.  That 
his  geological  activity  shows  no  sign  of  slackening  is  proved  by  an  intimation  which 
the  8]}eaker  had  recently  received  from  him,  that  he  had  completed  the  detailed 
investigation  of  a  wide  Archican  tract  of  Canada,  and  that  the  paper  containing  the 
account  of  this  investigation  might  be  expected  in  this  country  at  an  early  date.  His 
researches  on  the  flow  of  rocks  are  also  still  in  progress,  ana  some  further  results  on 
this  interesting  subject  may  be  looked  for  before  long.  No  more  fitting  recipient  of 
this  medal  could  have  been  selected  than  the  geologist  who  carries  on  so  ably  the 
traditions  of  Logan  and  Dawson  in  Canada. 

The  President  then  presented  the  Prestwioh  Medal  to  Mr.  William 
Whi taker,  F.R.S.,  addressing  him  as  follows  : — 

Mr.  Wliitaker, — The  Prestwich  Medal  is  awarded  to  you  as  an  acknowledgment 
of  the  work  that  you  have  done  for  the  advancement  of  geology,  particularly  bv  your 
researches  among' the  Tertiary  strata  of  the  London  and  Hampshire  Basins.  1* wenty 
years  ago  the  Council  awarded  to  you  the  Murchison  Medal  as  an  acknowledgment  of 
your  contributions  to  our  science,  which  were  particularized  by  the  President  of  that 
day.  Since  then  you  have  not  been  idle,  and  your  recent  work  has  been  conducted  on 
lines  similar  to  those  along  which  your  earlier  labours  were  carried  on. 

The  Prestwich  Medal  is,  however,  doubtless  awarded  to  you,  not  so  much  on 
account  of  what  you  have  done  since  receiving  the  Murchison  Medal,  as  in  recognition 
of  the  value  of  your  researches  in  those  parts  of  our  science  which  were  advanced 
in  a  high  degree'  by  the  founder  of  the  medal  which  I  am  about  to  hand  to  you« 
namely,  the  study  of  the  Tertiary  and  Quaternary  deposits.  The  importance  of  your 
labours  among  tlie  Tertiary  deposits  was  aptly  acKnowledged  by  Dr.  i^onney  in  1886, 
in  the  following  words  :  — 

**  Tour  papers  on  the  western  end  of  the  London  Basin,  and  on  the  Ix)wor  London 
Tertiaries  of  Kent,  deserve  to  be  ranked  with  the  cla»}ic  memoirs  of  Prestwich,  as 
elucidating  the  geology  of  what  I  may  call  the  Home  District." 

Ton  have  alHo  followed  in  the  footsteps  of  Prestwich  in  matters  of  economic 
geolog)'.  I  may  especially  refer  to  the  question  of  water- sunply  and  to  the  study  of 
underground  geology,  for  which  you,  the  recipient  of  the  Medal,  like  its  founcler, 
have  done  so  much. 

In  these  circumstances,  it  must  be  a  source  of  satisfaction  to  you  as  well  as  to  your 
friends  to  tind  that  the  Council  have  added  a  new  link  connecting  your  name  with 
that  of  Sir  Joseph  Prestwich. 

Six  years  ago  the  honour  fell  to  me  of  receiving  a  medal  from  your  hands.  It  now 
falls  to  my  lot  to  convey  one  to  you,  and  it  gives  me  much  pleasure  to  hand  it  to 
a  geologist  with  whom  I  have  been  on  terms  of  friendship  for  tnirty  years. 

Mr.  Whitaker,  in  reply,  said  : — 

Mr.  President, — During  the  course  of  my  ofiicial  life  on  the  Geolc^oal  Survey  it 
was  my  lot  to  work  over  ground  that  had  been  examined  in  detail  by  Prestwich,  and 
the  geology  of  which  was  described  in  the  remarkable  set  of  papers  which  he  read  to 
the  Society. 

In  my  work  I  was  struck  by  the  accuracy  of  observation  and  the  judgment  in 
inference  shown  by  our  past  master  in  stratigraphy. 

In  another  matter,  too,  I  have  had  to  foUow  along  a  line  in  which  Prestwich  was 
perhap  the  pioneer,  that  is,  the  application  of  geology  to  questions  of  water-supply 
and  kindred  practical  subjects. 

It  has  been  t^)  me  a  constant  pleasure  to  follow  in  the  footsteps  of  one  from  whom 
I  have  learnt  so  much ;  and  that,  in  the  opinion  of  the  Council,  I  have  been  a  not 
unworthy  follower,  is  evidenced  by  the  award  to  me  of  the  Medal  that  bean  hit 
honoured  name. 

I  am  proud,  therefore,  to-day  in  having  my  name  again  associated  with  that  of  one 
for  whom  I  have  always  had  a  great  regard,  as  a  geologist  and  a  friend. 
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In  preBenting  the  Balance  of  the  ProoeedB  of  the  Wollaston 
Donation  Fund  to  Dr.  Finlay  Lorimer  Eitchin,  M.A.,  the  President 
addressed  him  in  the  following  words : — 

Br.  Kitchin, — The  Balance  of  the  Proceeds  of  the  Wollaston  Donation  Fund  is 
awarded  to  you  as  an  acknowledgment  of  the  value  of  your  investigations  on  the 
Fossil  Brachiopoda  and  other  Invertebrata. 

You  took  exceptional  pains  to  fit  yourself  for  your  future  calling  by  a  prolonged 
eoorse  of  study.  After  a  successful  career  at  CamSridge  you  proceeded  to  Munich,  to 
study  palffiontology  under  a  great  master — the  revered  Zittel.  The  results  of  your 
training  have  been  already  shown  by  your  various  papers  on  Invertebrate  Paleontology, 
among  which  I  would  specially  allude  to  your  work  on  the  Jurassic  Fauna  of  Cutch, 
published  in  the  Palaontoloffia  Indiea, 

In  your  present  pNosition  your  time,  like  that  of  most  professional  geologists,  is  no 
doubt  largely  occupied  by  routine  work,  but  what  you  have  already  done  encourages 
na  to  hope  that  your  contributions  to  the  science  of  palaeontology  will  rank  with  those 
of  your  oistinguished  predecessors  in  the  post  which  you  now  occupy. 

The  President  then  presented  the  Balance  of  the  Proceeds  of  the 
Hurchison  Greological  Fund  to  Mr.  Herbert  Lapworth,  B.Sa, 
addressing  him  as  follows  ; — 

Mr.  Herbert  Lapworth, — The  Balance  of  the  Proceeds  of  the  Murchlson  Geological 
Fund  is  awarded  to  you  in  acknowledgment  of  your  investigations  among  ^e 
liandovery  rocks  of  the  Khayader  district. 

During  the  intervals  of  a  busy  professional  life  you  have  devoted  your  attention 
to  a  line  of  research  with  which  toe  name  of  Lj^worth  will  ever  be  associated.  The 
soooess  of  your  investigations  will  be  admitted  by  all  who  have  read  your  admirable 
paper  in  the  66th  volume  of  our  Quarterly  Journal.  Of  that  paper  I  need  merely  say 
that  it  is  worthy  of  the  son  of  Charles  Lapworth.  We  trust  tnat  our  Journal  will, 
in  future  yean,  contain  many  other  equally  valuable  contributions  from  your  pen. 

I  have  much  pleasure  in  handing  to  you  this  award,  bestowed  by  the  Coimcil  as  an 
incentive  to  further  work. 

In  presenting  a  moiety  of  the  Balance  of  the  Proceeds  of  the 
Lyell  Geological  Fund  to  Mr.  William  George  Fearnsides,  M.A,,  the 
President  addressed  him  as  follows  : — 

Mr.  Fearnsides, — A  moiety  of  the  Balance  of  the  Proceeds  of  the  Lyell  Geological 
Fund  is  awarded  to  you  by  the  Council  in  recognition  of  your  valuable  contributions 
to  our  knowledge  of  the  Lower  PalsBozoic  and  Cretaceous  rocks. 

Tour  first  contribution  to  the  Quarterly  Journal  recorded  an  interesting  discovery 
on  the  borders  of  our  University  town,  where  one  might  have  expected  that  littie 
remained  to  be  done.  But,  like  so  many  Cambridge  men,  you,  dissatisfied  with  the 
simplicity  of  the  Mesozoic  rocks  of  East  Anglia,  turned  your  attention  to  the  older 
rocks  of  the  western  tracts  of  Britain ;  and  that  you  have  there  already  obtained  most 
valuable  results  is  proved  by  your  admirable  paper  on  **  The  Greology  of  Arenig  Fawr 
and  Moel  Llyfnant,"  published  in  last  year's  Quarterly  Journal. 

Your  friends  know  that  this  is  but  a  beginning,  and  that  you  have  already  done 
much  work  in  Wales  and  elsewhere  which  is  not  yet  published.  We  shall  look 
forward  with  confidence  to  the  results  of  your  continued  researches ;  and  it  gives  me 
much  pleasure  to  hand  to  you  this  proof  of  the  Council's  approbation  of  what  you 
have  already  done,  and  of  their  interest  in  your  future  work. 

The  President  then  handed  the  other  moiety  of  the  Balance  of 

the  Proceeds  of  the  Lyell  Geological  Fund,  awarded  to  Mr.  Richard 

H.  Solly.   M.A.,  to  Professor  W.  W.  Watts,  F.R.S.,  Sec.G.S.,  for 

transmission  to    the    recipient,    addressing    him   in   the   following 

words : — 

Professor  Watts, — The  other  moiety  of  the  Lyell  Geological  Fund  has  been 
awarded  to  Mr.  Richard  II.  Solly  as  an  acknowledgment  of  the  valuable  work  done 
by  him  on  the  minerals  of  the  Binnenthal  and  elsewhere.  Mr.  Solly  has  carried  out 
his  labours  under  difiiculties,  and  in  some  degree  with  a  lack  of  encouragement  which 
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would  liaTe  disheartened  many  worken.  NereHheleaB  he  has  ateedily  proceeded  witii 
hla  self-appointed  task,  and  made  sahetaniial  additions  to  his  science.  He  is  stQl 
engaged  in  his  work  on  the  Binnenthal,  where  he  has  discoTered  seven  new  minoab 
wucn  he  has  descrihed. 

Will  you  express  a  hope  to  Mr.  Solly  that  this  award  may  act  as  an  inoentiTe  to 
the  prosecution  of  his  researches,  proving  as  it  does  that  his  work  is  appredated  hy 
the  Council  of  this  Society  P 

In  preeenting  a  sam  of  twenty-five  pounds  from  the  Barlow- 
Jameson  Fand  to  Mr.  Henry  0.  Beasley,  the  President  addressed 
him  as  follows : — 

Mr.  Beasley, — ^The  sum  of  twenty-five  pounds  from  the  Barlow-Jameson  Fond 
is  awarded  to  you  by  the  Council  m  recognition  of  your  important  work  on  the 
Triassic  rocks.  In  connection  with  that  work  I  may  refer  to  yoor  valnable 
descriptions  of  footprints  from  the  Trias,  in  which  you  have  abstained  from 
burdening  our  fossil  lists  with  new  names.  Ton  have  travelled  much  on  eitlier  s^ 
of  the  Atlantic,  obtaining  thereby  much  useful  information  oonoeming  geologioal 
matters,  more  especially  with  reference  to  the  Triassic  rocks. 

I  may  also  allude  to  your  work  on  Glacial  Geology,  and  to  a  sugg^estive  paper  on 
the  water  ej^ted  from  volcanoes. 

I  hope  that  this  award  of  the  Council  will  encourage  you  in  the  further  proeeootioa 
of  your  fruitful  researches. 

The  President  then  proceeded  to  read  his  Anniversary  Address, 
giving  first  of  all  obituary  notices  of  several  Fellows  deceased  since 
the  last  annual  meeting,  including  Dr.  W.  T.  Blanford  (elected  a 
Fellow  in  1860),  Baron  Ferdinand  von  Richthofen  (el.  For.  Membu 
1888),  Prof.  G.  Dewalque  (el.  For.  Memb.  1880),  Prof.  F.  V.  Raulin 
<el.  For.  Corr.  1866),  Mr.  H.  B.  Medlicott  (el.  1866).  Capt  F.  W. 
Hutton  (el.  1860),  Mr.  J.  Mansergh  (el.  1876),  Sir  John  B.  Phear 
(el.  1852),  Mr.  W.  J.  Woodall  (el.  1857),  Mr.  W.  H.  Goss  (el.  1881), 
and  Mr.  T.  Barron  (el.  1896). 

He  then  proceeded  to  describe  ''The  Influence  of  the  Oeologieal 
Structure  of  English  Lakeland  upon  its  present  Features. — A  Study 
in  Physiography." 

After  a  brief  account  of  the  light  thrown  upon  the  structure  of 

Lakeland  by  the  writings  of  Otley,  Hopkins,  Clifton  Ward,  Good* 

child,  and  Strahan,  he  considered  his  subject  under  the  following 

heads : — 

I.  Eyents  prior  to  the  Uplift  which  produced  the  Dome. 

II.  Production  of  the  Dome. 

III.  Initiation  of  the  Drainage -lines. 

IV.  Effects  of  the  throe  Types  of  Roclra  upon  the  Scenery. 

V.  Modification  of  the  old  Drainage-lines. 

VI.  Depreasion  of  the  Outskirts. 

VII.  Effects  of  Meteorological  Conditions.     (1)  General. 
VIII.  „  „  „  (2)  The  Glacial  Period. 

IX.  Conclusion. 

Of  the  events  prior  to  the  dome-shaped  uplift  he  laid  greatest 
stress  upon  the  movements  of  Devonian  times,  which  had  caused  the 
Lower  Palieozoic  rocks  to  be  affected  by  a  series  of  fractures  forming 
a  roughly  rhomboidal  network,  the  fissures  being  marked  by  belts 
of  broken  rock  along  their  courses.  These  belts  were  spoken  of  as 
'  shatter-belts,'  and  their  nature  and  distribution  described. 

He  accepted  Hopkins's  view  of  the  formation  of  a  dome  com- 
parable in  shape  to  a  '  caddy-spoon '  with  the  short  handle  to  the 
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eut,  and  argued  that  a  sabsidiATy  uplift  ooonrred  over  the  site  of 
the  Howgill  Fells  and  adjoining  country,  and  other  subsidiarj 
Qplifts  possibly  over  the  Skiddaw  and  Helvellyn  tracts.  Betweem 
these  uplifts  and  the  Pennine  Chain  were  the  depressions  of  Eden- 
side  on  the  north-east,  and  of  Moreoambe  Bay  and  the  neighbouring 
lowlands  on  the  south-east. 

He  gave  further  reasons  in  support  of  the  view,  previously  put 
forward  independently  by  Goodobild  and  himself,  that  the  uplift  of 
the  dome  and  the  final  movements  of  the  Pennine  Chain  were  of 
Tertiary  date. 

After  commenting  on  the  now  generally  received  view  that  rocks 
of  New  Bed  Sandstone  age,  and  perhaps  of  later  date,  extended  over 
the  district,  he  discussed  the  nature  of  the  radial  drainage  impressed 
upon  these  newer  rocks  during  the  uplift  of  the  dome,  and  the 
removal  of  these  rocks  in  the  district  itself  by  denudation,  pro* 
duoing  a  superimposed  drainage  on  the  Lower  PalsBOZoic  rocks. 

He  then  discussed  the  changes  which  took  place  in  the  valleys  as 
<he  result  of  the  imposition  of  the  rivers  upon  the  ancient  rocks, 
and  maintained  that  diversion  of  the  river-courses  had  largely  taken 
place  owing  to  the  easier  erosion  along  the  shatter- belts,  describing 
in  detail  the  cases  of  the  Langdale,  Duddon,  and  Borrowdale 
drainage  areas  in  support  of  his  views. 

In  this  part  of  the  address  the  position  of  the  principal  hanging- 
valleys  was  indicated,  and  it  was  pointed  out  that  there  were  two 
sets,  namely,  those  which  '  mouthed '  into  valleys  that  had  been 
deepened  in  softer  rocks,  and  those  which  'mouthed'  into  portions 
of  main  valleys  that  had  been  deepened  along  shatter-belts. 

When  discussing  the  effects  of  meteorological  conditions  he  com- 
mented on  hill-outlines,  which  he  had  elsewhere  mentioned,  where 
the  upper  parts  of  hill-slopes  presented  a  convex  outline  towards 
west  and  south,  and  a  concave  curve  towards  east  and  north.  This 
he  attempted  to  explain  as  due  to  tlie  more  profuse  growth  of 
vegetation  on  the  slopes  facing  west  and  south. 

In  discussing  glacial  changes,  he  admitted  that  in  former  papers 
he  had  over-estimated  the  importance  of  glacial  datns  in  liolding  up 
the  waters  of  lakes,  and  now  recognized  that  Watendlath  Tarn, 
EI  ter  water,  and  Thirlmere  occurred  in  true  rock -basins,  and  that 
other  lakes  of  the  district  were  therefore,  in  all  probability,  partly 
rock-basins. 

He  believed  that  some  of  his  views  would  be  proved  capable  of 
more  than  local  application,  and  that  they  proved  the  importance 
of  the  study,  on  the  part  of  the  geographer,  of  geological  details  in 
addition  to  general  geological  structure. 

The  ballot  for  the  Council  and  Officers  was  taken,  and  the  f()llowin<^  were  declared 
■doly  elected  for  the  ensuing  year: — Council :  H.  II.  Arnold- Bemrose,  J. P.,  M.A.  ; 
Professor  T.  G.  Bonney,  Sc.D.,  LL.D.,  F.R.S.,  F.S.A. ;  Sir  John  Evans,  K.C.B., 
D.C.L.,  LL.D.,  F.R.S. ;  Professor  E.  J.  Garwood,  M.A.  ;  Sir  Archibald  Geikie, 
Sc.D.,  D.C.L.,  LL.D.,  Sec.R.S.  ;  R.  S.  Ilerries,  M.A.  ;  F.  L.  Kitchin,  M.A., 
Ph.D. ;  P.  Lake,  M.A. ;  O.  W.  Lamplugh,  F.R.S. ;  R.  Lvdekker,  B.A.,  F.R.S. ; 
B.  McNeiU,  Aaeoc.R.S.M. ;  J.  E.  Marr,  Sc.D.,  F.R.S.;  II.  W.  Monckton, 
Trat8.L.S. ;   F.  W.  Bndler,  I.S.O. ;   L.  J.  Spencer,  M.A. ;   A.  Strahau,  M.A., 
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P.R.S. ;  C.  Fox  Strangways;  J.  J.  H.  Teall,  M.A.,  D.Sc,  P.R.S. ;  R.  H» 
Tiddeman,  M.A. ;  Professor  W.  W.  Watts,  M.A.,  M.Sc.,  P.R.S. ;  Rev.  H.  H. 
Winwood,  M.A. ;  A.  S.  Woodward,  LL.D.,  F.R.S.,  F.L.S. ;  and  H.  B. 
Woodward,  F.R.S. 

OJuf^frs :  — President :  Sir  Archibald  Geikie,  ScD.,  D.C.L.,  LL.D.,  Sec.R.S. 
Vice- Presidents :  R.  S.  Henries,  M.A. :  J.  E.  Marr,  Sc.D.,  F.R.S. ;  A.  Strahan, 
M.A.,  F.R.S. ;  and  J.  J.  H.  Teall,  M.A.,  D.Sc,  F.R.S.  Secretaries:  Professor 
E.  J.  Garwood,  M.A.,  and  Professor  W.  W.  Watts,  M.A.,  M.Sc,  F.R.S. 
Foreign  Secretary:  Sir  John  Evans,  K.C.B.,  D.C.L.,  LL.D.,  F.R.S.,  F.L.S. 
Treasurer:  H.  W.  Monckton,  Treas.L.S. 


IL— February  2l8t,  1906.— Sir  Archibald  Geikie,  D.C.L.,  So.D., 
Seo.  K.S.,  President,  in  the  Chair.  The  following  oommuni- 
cations  were  read  : — 

1.  '^  The  Constitution  of  the  Interior  of  the  Earth,  as  revealed  by 
Earthquakes."     By  Richard  Dixon  Oldham,  F.G.S. 

This  paper  is  not  devoted  to  a  fresh  theory  of  the  earth,  bat  is 
intended  to  set  forth  some  of  the  information  which  can  be  obtained 
from  the  study  of  the  records  of  distant  earthquakes.  The  modern 
seismograph  has  given  to  geology  a  new  instrument  of  research, 
and  extended  its  scope  much  in  the  same  way  as  the  spectroscope 
extended  the  scope  of  astronomy,  by  enabling  us  to  see  into,  and 
determine  the  physical  constitution  of,  the  interior  of  the  earth  at 
depths  removed  from  any  other  possible  means  of  research. 

The  distant  record  of  a  great  earthquake  exhibits  three  distinct 
phases,  of  which  the  third  represents  wave -motion  which  has 
travelled  along  the  surface  of  the  earth  and  is  not  dealt  with  in  this 
paper,  as  it  can  give  no  information  regarding  the  interior  of  the 
earth.  The  other  two  phases  form  the  preliminary  tremors,  and  it 
is  shown  that  they  represent  the  emergence  of  two  distinct  forms  of 
wave-motion,  which  have  been  propagated  through  the  earth. 

A  study  of  the  intervals  taken  by  these  waves  to  reach  remote 
points  shows  that,  up  to  a  distance  of  120^  of  arc  from  the  origin,, 
they  are  propagated  at  a  rate  which  increases  with  the  depth  of  the 
wave-path,  and  reaches  an  average  of  over  10  km.  sea  in  the  case  of 
the  first-phase,  and  over  6  km.  sec.  in  the  case  of  the  seoond-phase 
waves.  The  increase,  being  gradual  and  continuous,  may  be 
attributed  to  the  effect  of  increased  pressure  and  temperatare,  and 
there  is  no  indication  of  any  change  in  physical  constitution  of  the 
material  traversed  by  waves  which  emerge  at  120^  or  less  from 
the  origin. 

Beyond  this  limit  the  first-phase  waves  show  a  redaction  in  the 
mean  rate  of  transmission,  while  the  second-phase  waves  are  not  to 
be  found  where  they  would  be  expected,  but  at  about  ir  later.  The 
interpretation  is  that  the  wave-paths  emerging  at  these  greater 
distances  have  entered  a  central  core,  in  which  the  rate  of  trans- 
mission of  the  first-phase  waves  is  reduced  to  about  nine-tenths,  and 
of  the  second-phase  waves  to  about  one-half,  of  the  rate  in  the  outer 
shell.  The  great  reduction  of  rate  in  the  case  of  the  second-phase 
waves  means  great  refraction,  and  the  wave-paths  which  emerge  at 
distances  of  over  130^  from   the  origin  must  have  reached  their 
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emeigeDce  after  passing  on  the  farther  side  of  the  oentre  of  the 
earth ;  the  increase  of  length  of  wave-path  means  a  longer  interval 
between  origin  and  emergenoe,  and  the  sudden  increase  of  interval 
at  about  130^  is  explicable  in  this  way.  An  alternative  explanation 
is  that  the  seoond -phase  waves  are  extinguished  at  these  distances, 
bat  this  explanation  is  not  regarded  as  probable  by  the  author. 

Either  alternative  leads  to  the  conclusion  that,  after  the  outermost 
omst  of  the  earth  is  passed,  there  is  no  indication  of  any  material 
or  rapid  change  of  physical  condition,  nor  probably  of  chemical 
composition,  until  a  depth  of  about  six-tenths  of  the  radius  is  reached; 
but  that  below  this  there  is  a  rapid  passage  to  matter  which  has 
very  different  physical  properties,  if  not  also  differing  in  chemical 
constitution.  Without  advancing  any  hypothesis  as  to  the  nature  of 
this  difference,  the  author  points  out  that  it  will  have  to  be  reckoned 
with  in  any  theory  of  the  earth. 

2.  ''  The  Tarannon  Series  of  Tarannon."  By  Miss  Ethel  M.  R. 
Wood,  B.Sc.  (Communicated  by  Professor  Charles  Lapworth,  M.Sa, 
LL.D.,  F.RS.,  F.G.S.) 

A  general  historical  review  is  given  of  the  existing  state  of 
knowledge  respecting  the  character  and  fossils  of  the  strata  included 
nnder  the  general  title  of  '  Tarannon '  on  the  maps  of  the  Geological 
Survey  in  Wales.  The  Tarannon  strata  are  most  fully  developed  in 
the  Llanbrynmair-Tarannon  district,  after  which  they  are  named ;. 
and  the  present  paper  gives  the  results  of  a  detailed  survey  of  the 
entire  Tarannon  Series  as  tliere  exliibited.  Various  sections — typical 
and  confirmatory — are  described,  showing  the  local  sequence  of  the 
strata.  Lists  of  the  contained  graptolites  are  given,  and  the  species 
are  paralleled  with  those  from  the  corresponding  beds  of  tlie  Soutli 
of  Scotland,  the  Lake  District,  North  Wales,  Central  Wales,  and 
Sweden,  demonstrating  the  similarity  of  the  graptolitic  succession 
in  all  these  districts. 

The  authoress  establishes  the  following  local  sequence  : — 
C.     WsNLOcx  Series. 

Ci.  Fynjrddog  Group. 
Ca.  Nant-ysgollon  Group. 

Zones  of  Monograptua  riccarton^mis  and  Cyrtograptua  JHurchisoni. 
B.     Tarannon  Series. 

Brf.  Dolgau  Group.     (Zono  of  M.  erennlatus.) 
Btf.  Talerddig  Group.     (Zone  of  M.  griestoncnsi*.) 
B3.  Gelli  Group.     (Zone  of  if.  crispus.) 
Ba,  Brynmair  Group.     (Zone  of  M.  turriculatui.) 
A.     Llandoteby  Series. 
Ae.  Twymrn  Group. 

Zone  of  M.  Sedgwiekii. 

Zone  of  Cephalograptui  cometa. 
Ab,  Dolgadfan  Group. 

Zone  of  M,  eonvolutus. 

Zone  of  M.  Jlmbriatu*. 
Aa.  Fachdre  Group. 

Zone  of  Dimorphograptua  Swamtoni, 

The  Tarannon  Series  in  this  district  has  a  maximum  thickness  of 
8,500  feet,  bat  thins  somewhat  as  it  is  traced  north-westward.     U 
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rests  oonformably  on  Llandovery  rocks  below,  and  passes  op  withovt 
A  break  into  Wenlock  beds  above.  This  rook -series  is  strati* 
graphically  continuous  from  base  to  summit,  and  iooludes  the  four 
divisions  of  the  Brynmair,  Qelli,  Talerddig,  and  Dolgaa  Groups, 
whioli,  while  they  possess  distinctive  features  of  their  own,  are 
bound  together  by  common  palsdontologioal  characters.  The  lowest 
two,  namely,  the  Brynmair  and  Gelli  Groups,  consist  mainly  of 
grey  shales  and  mudstones  with  beds  of  thin  flags,  which  increase 
in  number  and  thickness  as  one  ascends  the  sequence.  The 
Talerddig  Group  is  distinctly  an  arenaceous  one,  and  contains 
numerous  bands  of  thick  grit  which  are  generally  massed  together 
at  four  or  five  distinct  horizons.  The  highest  member  of  the 
series,  the  Dolgau  Group,  answering  to  the  local  'Tarannon  Shales' 
of  the  JGreological  Survey,  consists  of  pale-grey  and  purple  mudstoneSi 
the  latter  being  inconstant  in  number  and  thickness  in  different 
parts  of  the  district. 

The  strata  of  the  overlying  Wenlock  Series  present  all  the 
characters  of  the  Denbigh  Grits  and  Flags  of  North  Wales.  Some 
2,000  feet  are  developed  in  this  district,  the  upper  beds  consisting 
of  grits  and  flags,  while  the  lower  are  mainly  shales  and  mudstones. 

The  Llandovery  Series,  which  underlies  the  Tarannon  Series, 
has,  at  present,  been  recognized  only  in  the  western  part  of  the 
•district,  namely,  in  the  valley  of  the  Twymyn,  and  its  rocks  are 
brought  to  the  surface  by  an  anticlinal  fold.  Representatives 
of  nearly  the  whole  of  the  Llandovery  beds  have  been  met  with  at 
different  localities,  and  ^\q  distinct  graptolitic  zones  have  been 
recognized.  The  rocks,  which  consist  almost  entirely  of  soft  shales 
and  mudstones,  are  probably  not  more  than  400  feet  thick. 

A  comparison  of  the  graptolitic  lists  shows  that  the  Tarannon 
Series,  as  here  defined,  corresponds  almost  exactly  with  the  Gala 
or  Queeusberry  Group  of  the  South  of  Scotland,  includes  all  the 
palaBontologicai  zones  hitherto  assigned  to  the  Tarannon,  and  fills 
np  the  whole  period  intervening  between  the  Llandovery  below  and 
the  Wenlock  above.  It  includes  the  extreme  beds  which  have  been 
mapped  as  Tarannon  by  the  Geological  Survey  in  Wales;  and  in 
the  Tarannon  District,  at  all  events,  the  thickness  of  the  series  is 
equivalent  to  its  maximum  development  elsewhere. 


SMALL    FOSSIL    SHELLS    PRESERVED    WITHIN    THE    INTERIOlt 
OF    LARGER    ONES    AND    IN    THE    BODY-CHAMBER    OP 

CEPHALOrODS. 

Sir, — It  is  a  well-known  fact  to  all  collectors  of  foBsils  and 
practical  «;eoIogi8ts,  that  in  the  interior  or  body-cavity  of  larger 
fossils  very  often  smaller  ones  may  be  found  splendidly  preserved, 
which  otherwise  are  not  to  be  got  at  all,  or  only  in  a  very  poor 
state,  being  crushed  or  weathered  or  wholly  destroyed.  In  this  way, 
^hen  I  worked,  especially  on  the  Tertiaries,  I  obtained  the  ynij 
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fineal  and  rarest  thiDgs  by  taking  home  with  me  portions  of  broken 
and  badly  damaged  Bpeoimens  of  larger  speoies  and  examiniDg  their 
contents  at  leisnre.  Very  often »  too,  I  found  extremely  fine  and 
ioteresting  fossils  in  the  interior  of  Mesozoic  and  Palasozoio  shells, 
in  the  monlds  or  oasts  of  the  living  or  body-ohambers  of  Ammonites 
and  other  Cephalopoda,  whose  preceding  chambers  sometimes 
had  completely  disappeared.  Dr.  Erause  desoribed  a  complete 
specimen  of  a  orab,  Olyphaa  letotioton,  found  in  the  living  chamber 
o€  an  Ammonites  giyaa  from  our  Portland  Beds  (Zeitechrift  Deutsch. 
G«ol.  G^.,  xliii,  p.  194,  pi.  x,  fig.  1),  and  I  got  only  last  summer 
a  Tery  fine  complete  specimen  of  JEger,  n.sp.  (?),  with  the  antennae 
preserved,  in  the  living  chamber  of  a  large  Stephanoceraa  from  our 
Middle  Jurassic  beds.  I  therefore  cannot  agree  with  the  view 
expressed  in  the  English  edition  of  Zittel's  Textbook  of  Palsaontology 
(translated  and  edited  by  C.  R.  Eastman,  p.  658),  that  ''some  of 
these  bodies  (viz.,  Cardioearia,  PholadocartB,  and  Spathiocaris), 
which  have  been  found  in  the  living  chamber  of  GontatileB 
(O,  int»me$cen8),  have  undoubtedly  served  as  opercula  or  aptychi  of 
ikese  CephalopodsV  I  may  add  that  they  are  not  commonly  found 
there,  and  if  there,  as  usual  together  with  specimens  of  Orthoceras, 
Cardiolaf  small  Ooniatites,  EntomiSf  and  other  fossils,  certainly  have 
nothing  to  do  with  the  organisation  of  Ooniatites  intumescens,  but 
only  happen  to  occur  associated  with  it  in  the  same  rock. 

A.  VON    EOENEN. 

BoTAL  Geological  Museum  and 

UiaVBRSITT   OF   GOTTINOEN,   GERMANY. 


OBIT"C^.A.I^Y- 

JOHN    GEORGE    GOODCHILD,    F.G.S. 

Born  May  26,  1844.  Died  February  21,  1906. 

It  is  with  much  regret  we  have  to  record  the  death  of  a  valued 
member  of  the  Geological  Survey  of  Scotland,  who  for  some  years 
had  filled  the  office  of  Curator  of  the  Geological  Survey  Collections 
in  the  Eoyal  Scottish  Museum,  and  who  died  in  Edinburgh  on  the 
21st  February  after  a  lingering  illness.  Born  near  London  on 
26th  May,  1844,  he  joined  the  Geological  Survey  in  1867,  and  for 
many  years  was  engaged  in  mapping  areas  in  the  north  of  England, 
particularly  in  the  neighbourhood  of  the  Lake  District.  Thereafter 
be  was  removed  to  the  Survey  Office  in  Jermyn  Street,  London,  and 
m  1887  was  transferred  to  Scotland,  where  he  was  placed  in  charge 
of  the  oollections  obtained  by  the  Scottish  staff,  and  deposited  in  the 
Boyal  Scottish  Museum,  an  appointment  for  which  he  was  specially 
adapted.  In  recent  years  he  had  charge  of  the  Scottish  Mineral 
Collection  in  the  same  museum,  which  led  him  to  devote  a  large 
amoont  of  time  to  the  special  study  of  mineralog}-.  Gifted  with 
remarkable  fluency  and  lucidity  of  exposition,  he  became  widely 
known  am  a  sncoessfnl  lecturer  on  geology.  During  1884, 1885,  and 
1886,  ba  gave  oonrses  of  lectures  on  physical  geography,  geology^ 
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and  palaeontology  at  Toynbee  Hall,  and  sinoe  he  settled  in  Edin- 
burgh he  had  lectured  on  these  subjects  at  the  Heriot-Watt  College 
and  other  institutions.  Possessing  remarkable  powers  of  receptivity, 
a  mind  extremely  susceptible  of  new  ideas,  and  a  facile  pen,  he 
oontributed  a  very  large  number  of  papers — about  200— on  a  wide 
range  of  subjects  to  the  Proceedings  of  various  scientific  societies  in 
England  and  Scotland,  and  no  fewer  than  24  to  the  pages  of  the 
Geological  Magazine  (1874-1902).  He  also  edited  the  important 
work  in  two  volumes  on  Scottish  Mineralogy,  by  the  late  Professor 
Heddle,  published  after  Prof.  Heddle's  death.  In  recognition  of  his 
labours  he  was  awarded,  in  1874,  the  WoUaston  Fund  by  the 
Geological  Society  of  London.  His  versatile  gifts  were  further 
sliown  by  his  keen  interest  in  other  branches  of  science,  his  know- 
ledge of  botany  and  ornithology  being  considerable.  All  these 
varied  qualifications  made  him  a  valuable  conductor  of  field- 
excursions,  and  an  exponent  of  geological  problems  among  numerous 
Kcientific  societies.  His  restless  mental  and  bodily  energy,  reacting 
on  a  constitution  never  very  robust,  may  be  said  to  have  shortened 
his  career.  He  leaves  a  widow  and  three  sons,  the  eldest  of  whom 
graduated  with  honours  at  Cambridge,  and  is  now  Principal  of  the 
Technical  College  at  Wandsworth,  London;  the  second  is  a  magazine 
artist,  and  the  third  recently  graduated  in  medicine  at  Edinboigh 
University. 

At  a  meeting  of  the  Edinburgh  Geological  Society  on  Feb.  21st, 
Mr.  James  Currie,  F.R.S.E.,  the  President,  moved,  and  Dr.  J. 
Home,  F.R.S.,  seconded,  the  following  resolution,  which  was  at 
once  carried  : — '^That  the  Edinburgh  Geological  Society  desires  to 
place  on  record  their  appreciation  of  the  valuable  work  done  by 
the  late  Mr.  Goodchild  in  the  sphere  of  general  geology,  and  more 
especially  in  the  elucidation  of  problems  connected  with  Scottish 
geology  and  mineralogy,  and  expresses  its  sincere  sympathy  with 
his  widow  and  family." — The  Scotsman^  February  22nd,  1906. 


THOMAS    BARRON,    A.R.C.S.,    F.G.S. 

BoRx  1867.  Died  January  30,  1906. 

Thomas  Babbon  was  educated  at  Greenlaw  public  school,  Berwick* 
shire,  and  afterwards  attended  the  Science  and  Art  Classes  at  Home. 
He  gained  a  medal  with  first-class  honours  and  a  scholarship  in 
the  Normal  School  of  Science  (as  it  was  then  called)  at  South 
Kensington.  In  that  school  he  continued  his  studies;  he  was  elected 
an  Associate  of  the  Boyal  College  of  Science^  and  eventually  he 
became  Assistant  Demonstrator  to  Professor  Judd. 

In  1896  he  communicated  to  the  Geological  Magazinb  a  paper 
"  On  a  new  British  Rock  containing  Nepheline  and  Biebeokite.** 

He  was  subsequently  appointed  to  a  post  on  the  Geological  Survey 
of  Egypt,  and  there  he  laboured  with  signal  success. 

In  1901,  with  Dr.  W.  F.  Hume,  he  contributed  to  the  Gkolooioal 
Magazine  ''  Notes  on  the  Geology  of  the  Eastern  Desert  of  Egypt^" 
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and  in  1903  was  issued  the  fall  Report  of  the  Geological  Survey 
{dated  1902)  on  the  ''Topography  and  Geology  of  the  Eastern 
Desert  of  Egypt,"  with  maps,  plates,  and  sections.  His  services 
were  called  for  on  questions  of  irrigation,  in  the  survey  of  the 
peninsala  of  Sinai,  and  in  an  exploration  for  coal  in  Abyssinia.  In 
1904  he  conducted  an  expedition  in  the  Soudan  with  the  object  of 
finding  water,  and  in  the  following  year  he  became  Geological 
Surveyor  to  the  Soudan  Government. 

He  died  of  enteric  fever  at  El  Eoweit,  Suakim,  on  the  30th  of 
January,  aged  39. 


WILLIAM    CUNNINGTON,    F.G.S. 

BoBX  1813.  Died  Febkuart,  1906. 

The  death,  in  his  ninety-third  year,  of  William  Cunnington 
lemoves  one  of  the  more  distinguished  local  geologists  and 
antiquaries  whose  observations  and  collections  have  done  much 
to  advance  science.  During  the  middle  portion  of  last  century  the 
name  of  William  Cunnington,  of  Devizes,  became  familiar  to 
geologists.  His  extensive  collection  of  the  Cretaceous  fossils  of 
Wiltshire  furnished  materials  which  aided  Davidson  in  his  Mono- 
graph  on  Cretaceous  Brachiopoda,  Wright  in  his  Cretaceous 
Echinodermata,  and  Daniel  Sharpe  in  his  Cretaceous  Cephalopoda ; 
and  in  the  last-mentioned  work  Ammonitea  Cunntngtonif  from  the 
Lower  Clialk  near  Devizes,  was  named  in  his  honour.  For  many 
years  Cunnington  was  one  of  the  honorary  secretaries  of  the 
Palseontographical  Society.  He  was  elected  a  Fellow  of  the  Geo- 
logical Society  in  1854.  He  obtained  a  fine  series  of  sponges 
from  the  Upper  Greensand  of  Warminster,  and  many  of  these  are 
described  or  mentioned  in  Dr.  G.  J.  Hinde's  *'  Catalogue  of  the 
Fossil  Sponges  in  the  Geological  Department  of  the  British  Museum." 

He  was  a  grandson  of  William  Cunnington,  F.S.A.,  of  Ueytesbury 
in  Wiltshire,  who  was  interested  in  geological  pursuits,  probably 
through  acquaintance  with  William  Smith,  and  celebrated  for  his 
antiquarian  researches  in  the  county,  in  which  he  was  associated 
with  Sir  Eichard  Colt  Hoare.  While  a  lad  he  began  to  collect 
fossils  from  the  chalk-pits  of  Upavon,  and  subsequently,  when  he 
liad  settled  at  Devizes  as  a  wine  merchant,  he  assiduously  studied 
ilie  local  geology — especially  the  strata  from  the  Great  Oolite  Series 
to  the  Portland  Beds,  the  Lower  Greensand,  the  Gault,  Upper 
Greensand,  and  Chalk;  and  he  ultimately  amassed  a  collection  of 
more  than  20,000  fossils.  He  was  one  of  the  founders  of  the 
Devizes  Museum,  and  was  honorary  curator  from  the  time  of  its 
opening  in  1853. 

One  of  his  earliest  papers  was  **  On  the  Fossil  Cephalopoda  from 
the  Oxford  Clay  constituting  the  genus  Belemnoteuthia  (Pearce)," 
London  Geol.  Joum.y  No.  3,  1847,  p.  1.  Most  of  his  contributions  to 
geological  literature  were,  however,  published  in  the  Magazine  of  the 
Wiltshire  Arohseological  and  Natural  History  Society ;  they  included 
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papers  on  ''The  Mammalian  Drift  of  Wiltshire"  (1857),  "The 
Bradford  Clay"  (1869),  "Geology  of  Wiltshire"  (1869),  and 
"Geology  of  the  neighbourhood  of  Westbory  Station"  (1872) » 
To  the  Geological  Society  he  oommunioated  in  1850  a  paper  "  On 
a  section  of  the  Lower  Greensand  at  Seend,  near  Devizes"  (Q.J.G.S., 
vi,  453),  and  a  second  paper  in  1898  "  On  some  Palsdolithio 
Implements  from  the  Plateau- Gravels,  and  their  evidence  concerning 
'  Eolithic '  Man  "  (Q .J.G.S.,  liv,  291).  He  also  published  in  Natural 
Science,  vol.  xi  (1897),  p.  327,  a  paper  on  "The  Authenticity  of 
Plateau-Man,"  in  which  he  doubted  the  human  origin  of  the 
'  Eolithic '  chipping. 

Mr.  Cunnington  retired  from  Devizes  many  years  ago  and  settled 
in  London. 

His  collections  of  fossils  have  been  placed  in  the  British  Museum 
(Natural  History),  in  the  Museum  of  Practical  Geology,  and  in  the 
Devizes  Museum. 

For  some  of  the  above  particulars  we  are  indebted  to  "The 
History  of  the  Collections  contained  in  the  Natural  History  Depart- 
ments of  the  British  Museum,"  vol.  i  (1904),  pp.  281-2. 

Under  the  title  of  "Fossils  used  as  Ornaments"  there  is  a  reprint^ 
in  the  Gkolooioal  Magazihb,  1893,  p.  248,  of  an  interesting  article 
"  On  a  Grapaudine  Locket  found  in  St.  John's  Churchyard,  Devises," 
by  William  Cunnington,  F.G.S.,  of  which  figures  are  given.  The 
interest  to  geologists  lies  in  the  fact  that  the  sides  of  the  locket  are 
formed  of  two  detached  circular  palatal  teeth  of  LepxdotuM  moflnmiit, 
Wagner  =  Spharodus  gigaB,  Ag.,  from  the  Eimmeridge  Clay  of 
Shotover. 


CnAiR  OF  Geology  in  the  Eotal  College  of  Soiemob,  South 
Kensington. — The  President  of  the  Board  of  Education  has  appointed 
Professor  W.  W.  Watts,  M.A.,  F.R.S.,  of  Birmingham  University,  to 
the  Chair  of  Geology  at  the  Boyal  College  of  Science,  South 
Kensington,  vacant  by  the  retirement  of  Prof.  Judd,  C.B.,  F.B.S. 

In  view  of  the  changes  in  organisation  that  may  be  found  desirable 
in  the  Boyal  College  of  Science  and  the  Boyal  School  of  Mines  after 
the  consideration  of  the  report  of  the  Department  Committee  on 
the  college,  it  has  been  thought  best  to  make  this  appointment  a 
temporary  one. 

Professor  Watts  was  a  Fellow  of  Sidney  Sussex  College,  Cambridge, 
from  1888  to  1894,  and  a  member  of  the  Geologicid  Survey  from 
1891  to  1897.  He  has  acted  successively  £is  Deputy  Professor  of 
Geology  at  Leeds,  Birmingham,  and  Oxford.  At  the  present  time 
he  is  Assistant  Professor  of  Geology  and  Professor  of  Geography  at 
the  Birmingham  University,  and  is  Secretary  of  the  Geological 
Society. — Standard,  January  23rd,  1906. 

^  Bee  the  AVilts  Archeological  Magazine,  1870,  No.  zxxr,  p.  249. 
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L — Lamabok  and  Platfaib:  A  Gkologioal  Rbtbospeot  of  thb 

Year  1802.» 

By  Sir  Asohibald  Osikib,  Sc.D.,  D.C.L.,  LL.D.,  Sec.  B.S., 
President  of  tiie  Geological  Society. 

{Concktded  from  the  April  Number^  p.  153.) 

IF  Lamarck  allowed  his  brilliant  faculty  of  generalisation  to  lead 
bim  far  astray  in  bis  opinions  regarding  the  origin  of  rocks,  he 
had  formed  a  saner  judgment  on  the  causes  that  have  developed  the 
present  terrestrial  topography.  The  first  chapter  of  the  "Hydro- 
geologie  "  is  devoted  to  a  consideration  of  the  natural  results  that 
arise  from  the  circulation  of  water  over  the  surface  of  the  land. 
This  subject,  he  remarks,  affords  less  scope  than  any  other  for  the 
exercise  of  the  imagination  in  framing  hypotheses,  for  it  can  be 
studied  on  a  basis  of  facts  which  are  generally  familiar.  Though 
the  question  required  to  be  considered  in  his  treatise  and  was  capable 
of  easy  solution,  yet  it  seemed  to  him  to  be  novel,  at  least  from 
a  general  point  of  view,  and  to  have  been  previously  neglected  by 
physicists  and  naturalists.  He  appears  to  have  formed  his  con- 
clusions regarding  it  independently,  and  to  have  been  unaware  how 
far  he  had  been  anticipated  by  previous  observers.  It  is  singular 
that  he  makes  no  allusion  to  the  work  of  his  distinguished  fellow- 
countryman  Desmarest,  who  some  thirty  years  previously  had 
demonstrated,  from  a  prolonged  and  minute  investigation  of  the 
volcanic  history  of  Auvergne,  that  the  valleys  of  that  region  have 
been  excavated  by  the  streams  which  flow  in  them.  He  does  not 
refer  to  the  enunciation  of  the  same  doctrine  by  De  Saussure  a  few 
years  later  in  regard  to  the  valleys  of  the  Alps,  nor  to  the  clear 
presentation  of  similar  views  by  Hutton,  whose  system  had  been 
expounded  to  French  readers  by  Desmarest.  But  though  he  was 
mistaken  in  supposing  that  the  doctrine  was  novel,  Lamarck  was 
not  sarpassed  by  any  of  his  predecessors  in  the  firmness  with  which 
he  espoused  it,  and  in  the  clearness  with  which  he  presented  it  to 
the  world.    Realising  so  fully  as  he  did  the  magnitude  of  the  scale 

1  An  addraaB  deUrered  before  the  '*  AUiance  Fran9ai8e ''  in  the  Sorbonne,  Paris, 
on  26th  February,  1906. 
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on  wbiob  the  surface  of  the  land  undergoes  disintegration,  he  could 
see  no  difficulty  in  oonceiTing  that  the  mere  passage  of  running 
water  over  that  surface  must  inevitably  lead  to  the  erosion  of 
«  system  of  drainage-lines  from  the  mountain-crests  down  to  the 
margin  of  the  sea.  In  language  closely  similar  to  that  employed 
at  the  same  time  by  Playfair  in  the  volume  which  appeared  at 
Edinburgh,  he  remarks : — *'  If  we  suppose  the  exposed  part  of  the 
surface  of  the  earth  to  have  been  originally  a  vast  plain,  unvaried 
either  by  mountains  or  valleys,  and  having  no  other  curvature  than 
that  of  the  general  form  of  the  globe,  though  such  a  supposition  is 
not  necessary,  seeing  that  the  lands  successively  abandoned  by  the 
ocean  in  its  westerly  movement  would  not  all  be  without  irregularities 
in  their  surface,  I  can  easily  show  that  at  the  end  of  a  certain  period 
of  time  the  influence  of  the  subaerial  waters  will  have  modified  or 
destroyed  the  regularity  of  surface  of  this  plain,  and  will  ultimately 
form  mountains  like  those  which  are  familiar  to  us"  (pp.  11,  12). 
"  This  sequence  of  events  is  that  followed  by  Nature  in  her  known 
methods  and  processes  which  can  be  seen  in  progress  every  day 
before  our  eyes.  It  is  thus  evident  to  me  that  every  mountain  which 
is  not  the  result  of  volcanic  eruption  or  of  some  other  local 
catastrophe  has  been  cut  out  of  a  plain,  and  that  its  peaks  and  crests 
mark  the  relics  of  the  ancient  level  of  that  plain  "  (p.  14). 

That  this  interpretation  holds  true  for  the  abundant  hills  and 
mountains  composed  of  horizontal  or  little  disturbed  stratified 
formations  is  now  an  accepted  conclusion  of  modem  geology.  But 
it  will  not  explain  the  origin  of  the  great  mountain-chains  of  the 
earth's  surface,  which  have  been  upheaved  during  the  violent 
plication  and  rupture  of  the  terrestrial  crust  Of  the  real  structure 
of  such  chains  comparatively  little  was  known  in  Lamarck's  time, 
and  even  that  little  was  not  appreciated  by  him.  He  thought  that 
the  inclined  arrangement  of  strata  in  many  mountains  was  original, 
and  might  generally  be  taken  to  indicate  the  position  of  the  shores 
on  which  the  sediments  were  deposited,  though  it  might  in  some 
cases  be  due  to  local  disturbance.  He  knew  that  sometimes  the 
strata  in  a  mountain- chain  are  found  to  be  vertical,  but  he  would 
not  on  that  account  invoke  for  their  explanation  some  universal 
catastrophe  as  had  been  advocated  by  other  writers,'  but  contented 
himself  with  a  vague  reference  to  local  subsidences  (pp.  22,  23). 

In  his  account  of  what  he  conceived  to  take  place  when  the  land 
is  laid  bare  in  consequence  of  the  westward  migration  of  the  ocean, 
Lamarck  involved  himself  in  some  curious  contradictions.  In  the 
mental  picture  which  he  drew  of  the  successive  emergence  of  the 
marine  deposits,  including  the  granite  ridges  which  had  been  laid 
down  upon  the  sea-floor,  he  imagined  that  the  surface  of  the  plain, 
thus  transformed  into  an  area  of  land,  was  gradually  heightened  by 
the  accumulation  upon  it  of  the  remains  of  organisms,  more  especially 

^  He  not  improbably  had  Cnrier  in  his  mind,  'who  held  this  opinion  and  afierwardt 
gave  it  prominence  in  his  '^  Discours  but  les  Revolutions  de  la  Sorface  da  Globe,*' 
wherein  he  asserted  that  the  occnrrence  of  such  a  catastrophe,  some  6,000  yean  ago, 
was  one  of  the  best  ascertained  facts  in  geology. 
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•of  T^etaiion.  He  thought  that  this  organic  deposit  increased  in 
thickness  at  the  rate  of  one  foot  in  a  century,  so  that  in  no  long 
ooarse  of  time  it  most  deeply  bury  the  old  sea-floor  and  even  cover 
tip  the  ridges  of  deposited  granite.  He  did  not  show,  however,  by 
what  means  this  general  elevation  of  the  surface  of  the  plain  could 
possibly  be  accomplished  in  face  of  the  universal  degradation  caused 
by  atraospherio  decay  and  the  circulation  of  water  over  the  land— 
a  destructive  combination  which  he  had  already  admitted  that 
nothing  can  resist.  Nor  did  he  o£fer  any  explanation  of  the  cause  of 
the  ultimate  cessation  of  the  upward  growth  of  the  organic  deposit, 
or  why  after  burying  the  granite  ridges  it  eventually  failed  to  keep 
paoe  with  the  erosive  action  of  rain  and  rivers.  Without  noticing 
such  obvious  and  serious  objections  to  his  theories,  he  could  only 
contemplate  the  final  result  of  the  long  process  of  earth-sculpture-— 
the  trenching  of  the  terrestrial  plain  by  running  water,  into  gullies, 
gorges,  and  valleys,  and  at  last  the  uncovering  of  the  hard  central 
cores  of  granite  now  to  be  seen  in  the  heart  of  so  many  mountain* 
chains  (pp.  149,  178). 

It  was  when  he  left  such  speculations  as  these,  for  which  n^ 
aileqnate  basis  of  ascertained  fact  then  existed,  and  turned  his 
eonsnmmate  genius  to  the  patient  study  of  the  organic  remains 
imbedded  in  the  earth's  crust,  that  Lamarck  conferred  the  most 
valuable  and  imperishable  benefits  on  the  infant  science  of  geology. 
The  word  '  fossil '  had  up  to  his  time  been  indiscriminately  applied 
to  any  substance  dug  out  of  the  ground.  Every  mineral  and  rock 
was  in  this  sense  a  fossil.  But  Lamarck,  recognising  the  pre- 
eminent importance  of  organic  remains  as  monuments  of  the  history 
of  the  globe,  first  restricted  the  use  of  the  word  to  them  alone, 
and  his  example  has  since  been  everywhere  followed.  In  the 
"  Hydrogeologie  "  he  pointed  out  that  as  fossil  shells  are  nearly  all 
of  marine  types  their  evidence  could  be  used  to  demonstrate  that  the 
sea  once  covered  the  site  of  what  is  now  land,  and  this  by  no  mere 
transient  and  violent  inundation,  but  tranquilly  and  for  vast  periods 
of  time.  As  Lavoisier  had  done  before  him,  he  distinguished  among 
them  some  that  belonged  to  littoral  or  shallow- water  species  and 
others  that  were  deep-sea  or  pelagic  forms.  He  entered  into 
a  lengthened  argument  to  disprove  what  had  been  for  so  many 
generations  the  orthodox  belief  that  the  shells  found  far  inland  and 
in  the  heart  of  mountains  are  memorials  of  Noah's  Flood.  Dwelling 
on  the  manner  in  which  pelagic  and  littoral  shells  are  found  in 
separate  beds,  piled  above  each  other,  he  insisted  on  the  evidence 
thus  furnished  of  successive  quiet  and  long-continued  deposition  on 
the  sea-bottom.  He  pointed  to  the  significant  occurrence  of  the  two 
valves  of  bivalve  shells  still  adhering  to  each  other  as  proof  that 
^eee  organisms,  instead  of  having  been  violently  huddled  together 
by  some  great  catastrophe,  had  manifestly  lived  and  died  where 
their  remains  are  now  found.  When  he  considered  the  abundance 
of  marine  organisms  in  our  present  seas  and  the  vast  amount  of 
carbonate  of  lime  secreted  by  them  from  the  oceanic  waters,  he  felt 
convinced  that  the  masses  of  limestone  which  form  so  important 
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a  part  of  the  outer  crust  of  the  earth  represent  marine  organic 
aocumulations  of  former  ages,  although  in  oonrse  of  time,  by  the 
operation  of  various  causes,  all  trace  of  organised  struotares  may 
have  disappeared  from  them. 

llie  "  Hydrogeologie "  was  Lamarck's  single  treatise  specially 
devoted  to  the  discussion  of  geological  problems,  but  it  formed  only 
the  beginning  of  the  labours  by  which  he  conferred  the  most  signal 
benefits  on  geology  and  earned  for  himself  the  name  of  founder  of 
invertebrate  palsdontology.  For  a  long  succession  of  years  after  the 
appearance  of  that  volume  in  1802  he  gave  much  of  his  time  and 
thought  to  the  study  of  the  fossil  shells  of  the  Paris  Basin,  and 
published  the  valuable  series  of  memoirs  on  these  organic  remains 
which  revealed  the  zoological  riches  of  the  Tertiary  deposits  of  that 
region,  and  likewise  served  as  an  accurate  basis  for  the  detailed 
investigation  of  these  deposits  by  Cuvier  and  Brongniart,  who 
thereby  did  so  much  to  lay  the  foundations  of  stratigraphical 
geology.  These  later  achievements  of  the  illustrious  biologist, 
however,  and  his  contributions  to  the  theory  of  organic  evolution 
lie  beyond  the  scope  of  the  present  address.  I  have  wished  to 
direct  attention  to  one  of  his  less  known  works  which,  while  it 
displays  his  weaknesses  as  well  as  his  strength,  is  full  of  his 
philosophical  genius  and  of  that  broad  commanding  view  of  all 
the  wide  domains  of  Nature  which  was  so  eminently  characteristic  of 
Lamarck. 

From  Paris  and  its  busy  laboratories  and  museums  in  which 
Lamarck  quietly  did  his  work,  let  us  turn  to  Edinburgh,  where  at 
the  same  time  a  few  thoughtful  and  enthusiastic  men  were  discussing 
the  same  problems  and  were  evolving  some  of  the  fundamental 
conceptions  that  have  shaped  the  course  of  modem  geology.  James 
Hutton,  the  greatest  genius  in  this  northern  group  of  philosophers, 
died  in  1797,  leaving  behind  him  in  published  form  only  an 
incomplete  account  of  his  doctrines,  but  having  impressed  on  the 
minds  of  his  friends  a  profound  admiration  of  the  originality  and 
grandeur  of  his  conceptions  of  the  history  of  our  globe.  It  was 
fortunate  for  his  fame,  and  not  less  so  for  the  onward  march  of 
science,  that  one  of  these  friends  had  gained  so  fnll  and  dear 
a  knowledge  of  the  master's  teaching,  and  at  the  same  time  possessed 
such  pre-eminent  literary  gifts,  as  to  be  able  to  present  Hutton's 
doctrines  in  the  remarkable  volume  to  which  I  have  now  to  ask 
your  attention. 

This  loyal  and  accomplished  friend,  John  Playfair,  was  bora  in 
1748.  llie  eldest  son  of  a  Scottish  parish  minister,  he  was  edaoatod 
for  the  Scottish  Church  at  the  University  of  St  Andrews.  Bat 
during  his  college  career  he  showed  such  high  mathematical  and 
philosophical  attainments  that,  when  only  18  years  of  age,  he  was 
encouraged  by  his  professors  to  compete  for  the  vacant  Chair  of 
Mathematics  in  the  University  of  Aberdeen,  and  after  a  prolonged 
examination  came  out  third  in  the  list  of  candidates.  Failing  in 
this  application,  he  eventually  entered  the  Church,  and  was  appointed 
to  succeed  his  father  in  his  Forfarshire  parish.    Amidst  the  quiet  of 
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a  remote  ooontry  manse  and  in  the  duties  of  a  parish  minister  he 
apent  ten  years  of  his  life,  supporting  his  mother  and  educating  his 
younger  brothers.  But  at  the  end  of  that  time  he  resigned  his 
living,  and  as  his  scientifio  tastes  remained  as  strong  as  ever,  he 
obtained  in  1785  the  appointment  of  Joint-Professor  of  Mathematics 
in  the  University  of  Edinburgh.  His  gentle  and  kindly  nature, 
his  high  mental  endowments,  and  his  social  charm  soon  gained  for 
him  an  honoured  place  in  the  circle  of  philosophers,  men  of  science, 
and  of  letters  who  at  that  time  shed  such  lustre  on  the  Scottish 
capital.  Among  the  friendships  which  he  specially  cherished  there 
was  that  of  Button,  who  in  the  Spring  of  the  same  year  (1785) 
read  to  the  Royal  Society  of  Edinburgh  the  first  sketch  of  his 
famous  "  Theory  of  the  Earth."  Playfair's  philosophic  mind  appears 
to  have  been  early  fascinated  by  the  breadth  and  profundity  of 
Button's  views  of  Nature.  As  he  used  to  accompany  the  geologist 
on  his  excursions  in  Scotland,  and  had  abundant  opportunities  of 
listening  to  his  enthusiastic  disquisitions,  Playfair  enjoyed  special 
iacilitiea  for  gaining  a  fuller  appreciation  of  Button's  doctrine  than 
oonld  easily  be  gathered  from  the  master's  own  writings,  which, 
from  their  cumbrous  and  obscure  style,  had  met  with  less  recognition 
than  their  intrinsic  originality  and  importance  deserved.  When, 
therefore,  Button  died,  his  admiring  disciple  determined  to  draw  up 
a  popular  and  perspicuous  sketch  of  his  friend's  geological  system. 
After  working  at  the  task  for  five  years  he  published  in  the  Spring 
of  1802  his  well-known  **  Illustrations  of  the  Huttonian  Theory.'* 
Playfair's  subsequent  career  was  as  uneventful  as  the  years  that 
had  already  passed.  In  1805  be  was  transferred  to  the  Chair  of 
Natural  Philosophy  in  Edinburgh  University,  an  appointment  which 
he  continued  to  fill  up  to  the  end  of  his  life.  He  contributed  many 
articles  and  memoirs  to  the  current  literature  of  the  day,  and  in  his 
later  years  undertook  many  journeys  at  home  and  abroad  in  pursuit 
of  geological  studies.  But  an  internal  ailment  brought  his  life  to 
a  close  on  19th  July,  1819,  at  the  age  of  71. 

Playfair's  loyalty  to  his  great  teacher,  and  his  earnest  desire  to 
set  the  Buttonian  system  in  a  clear  and  attractive  guise  before  the 
world,  led  him  to  keep  himself  in  the  background  and  to  take  little 
heed  that  men  should  notice  the  fresh  observations,  deductions,  and 
illustrations  which  he  himself  contributed  towards  the  confirmation 
of  Button's  doctrines.  Hence  less  credit  has  perhaps  been  assigned 
to  him  than  he  deserved  as  an  independent  and  original  observer. 
The  extraordinary  merit  of  his  volume  was  at  once  recognised,  and 
it  gave  a  powerful  impulse  to  the  acceptation  of  Button's  views. 
Its  admirably  ordered  presentation  of  facts,  its  luminous  and 
persuasive  oonduct  of  argument,  its  restrained  caution  in  the 
atatement  of  theoretical  propositions,  its  caustic  yet  courteous 
treatment  of  Button's  adverse  critics,  and  its  pervading  grace  and 
elegance  of  diction  have  long  since  given  to  Playfair's  treatise 
a  place  among  the  choicest  classics  of  English  scientific  literature. 
It  oonsists  of  two  parts.  Of  these  the  first  contains  a  broad  and 
interesting  outline  of  the  whole  geological  system  propounded  b^ 
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Hutton ;  the  second  part  is  composed  of  a  series  of  valuable  notes^ 
further  explaining  and  developing  various  parts  of  that  system,  and 
containing  original  observations  and  dednotions  of  Play  fair's  own, 
together  with  discussions  of  those  published  by  other  writers.  Thia 
TcAume  brought  Button's  **  Theory  of  the  Earth "  within  the  com- 
prehension and  appreciation  of  even  the  most  unscientific  reader. 
It  not  only  revealed  to  mankind  what  a  genius  had  passed  away  in 
Hutton,  but  it  traced  out  with  admirable  clearness  some  of  the  chief 
routes  along  which  geology  has  since  travelled,  and  it  imparted  to 
the  infant  science  much  of  the  impulse  which  has  carried  it  to  the 
position  which  it  now  holds  in  the  circle  of  human  studies. 

In  Play  fair's  glowing  pages  the  excellences  and  the  defects  of  his 
master's  system  are  faithfully  reflected.  Never  before  had  ao 
eloquent  and  convincing  a  sketch  been  given  of  the  co-operation  of 
underground  and  superficial  agencies  in  the  decay  and  renovation  of 
land,  and  in  the  perpetuation  of  the  conditions  that  make  this  planet 
a  habitable  globe.  No  previous  writer  had  set  in  so  clear  a  light 
the  sculpture  of  the  land  by  the  flow  of  rain  and  rivers  across  its 
8urfiBM)e.  Nor  had  the  proofs  of  the  presence  of  abundant  intrusive 
igpieous  rocks  in  the  crust  of  the  earth  ever  been  so  convincingly 
marshalled,  and  this  too  at  a  time  when  the  doctrine  of  Freiberg 
everywhere  prevailed  that  all  these  rocks  have  been  deposited  either 
as  precipitates  or  as  sediments  on  the  floor  of  the  sea. 

His  close  personal  association  with  Hutton  had  given  Playfiur 
a  keen  appreciation  of  the  vivid  interest  of  geological  questions  and 
of  the  nature  of  the  evidence  required  for  their  solution.  His  own 
philosophical  temperament  enabled  him  to  form  a  calm  judgment  of 
the  relative  value  of  the  various  lines  of  proof,  and  to  traoe  with 
precision  the  limits  within  which  ded  actions  might  be  logically 
drawn  from  them.  Moreover,  his  excursions  into  the  field  under  the 
guidance  of  his  master  had  given  him  a  quickness  and  accuracy  of 
observation  which  in  the  end  made  him  an  excellent  field  geologist, 
so  that  in  his  exposition  of  Huttonian  principles  he  is  able  from  time 
to  time  to  appeal  in  their  support  to  evidence  which  he  has  himself 
collected.  His  **  Notes  "  are  thus  full  of  personal  interest  in  their 
revelation  of  his  extensive  acquaintance  with  actual  oonorete 
examples  of  the  phenomena  described. 

It  was  Playfair  who  first  pointed  out  that  "for  the  moving  of 
large  masses  of  rock,  the  most  powerful  engines  without  doubl 
which  Nature  employs  are  the  glaciers,"  and  who  first  maintained, 
in  opposition  to  De  Saussure's  invocation  of  some  great  debaole»  that 
the  erratic  blocks,  scattered  in  such  numbers  over  Switzerland,  have 
been  dispersed  by  glaciers  and  rivers  (  §§  348-358).  His  reasoning 
against  the  appeal  to  some  great  cataclysm  in  explanation  of  snob 
phenomena  enabled  him  to  sustain  with  much  force  Hutton*8  protest 
against  the  tendency  to  have  recourse  to  "  accidental  and  niumown 
causes."  In  a  convincing  argument  he  reviewed  the  hypothesis  of 
Buffon  and  Pallas  as  to  the  distribution  of  abundant  remains  of  Uxg^ 
mammals  over  the  plains  of  Siberia,  and  he  showed  that  these 
rfim&mB  cannot  have  been  brought  either  by  an  inundation  of  the 
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Ma  or  by  a  deluge  on  land,  but  that  the  species  of  elephant, 
rhinoceros,  and  other  animals  inhabited  these  northern  regions, 
where  by  their  natural  constitution  they  were  fitted  to  endure  the 
severity  of  the  Siberian  climate.  "  The  rhinoceros  of  Wilui,"  he 
remarks,  "certainly  lived  on  the  confines  of  the  Polar  Circle,  and 
was  exposed  to  the  same  cold  while  alive,  by  which,  when  dead,  its 
body  has  been  so  long  and  so  curiously  preserved  "  (  §  417).  He 
concluded  his  argument  by  suggesting  that  the  crowded  aggregates 
of  theee  mammalian  remains  may  have  been  connected  with  the 
migrations  of  the  animals. 

Another  subject  which  has  been  much  discussed  since  Playfair*s 
time— the  origin  of  lakes — did  not  escape  his  keen  scrutiny  of  the 
sarfsce  of  the  land.  It  received  from  him  a  candid  and  cautions 
handling,  which  has  not  always  been  imitated  by  his  successors  in 
the  discussion  of  this  question.  He  recognised  that  '*  a  lake  is  but 
a  temporary  and  accidental  ^'  feature  in  topography,  seeing  that  it  is 
obviously  being  filled  up  by  the  unceasing  transport  of  sediment 
into  it  from  the  surrounding  ground,  and  hence  that  it  must  be 
"but  modem  compared  with  many  of  the  revolutions  that  have 
happened  on  the  surface  of  the  earth  "  (§§  319,  326).  But  when  he 
tried  to  picture  to  himself  the  natural  process  whereby  the  lake  has 
been  formed,  he  had  frankly  to  admit  the  difficulty  of  the  problem. 
"  Some  cause,"  he  remarks,  "  seems  to  act,  if  not  in  the  generation, 
yet  certainly  in  the  preservation  of  lakes,  with  which  we  are  but 
little  acquainted  "  (  §  325).  He  suggests  two  possible  modes  of 
their  origin.  In  the  first  place,  they  may  arise  from  the  solution 
and  removal  of  such  a  soluble  material  as  rock-salt,  and  he  foretells 
that  this  must  eventually  happen  in  the  salt  district  of  Cheshire. 
He  adds  that  some  effect  of  the  same  kind  may  have  taken  place  on 
the  site  of  the  Lake  of  Geneva,  near  to  which  salt-springs  rise  to  the 
surface.  In  the  second  place,  he  points  out  that  lakes  may  be 
produced  by  the  unequal  elevation  and  subsidence  of  land,  whereby 
hollows  arise  on  the  surface  which  become  water-filled  basins 
(§  327).  There  can  be  no  doubt  that  both  these  suggestions 
indicate  vent  causa  which  have  at  different  times  and  places  given 
rise  to  lakes.  Playfair  evidently  could  not  conceive  that  any 
natural  agency  can  excavate  basins  out  of  solid  rock.  Though  he 
had  recognised  the  great  transporting  power  of  glaciers,  he  did  not 
perceive  that  they  also  possess  an  erosive  capacity  which  enables 
them  to  grind  down,  smooth,  and  polish  the  hardest  rocks,  and 
under  peculiar  conditions  to  hollow  them  into  basin-shaped  cavities, 
which  on  the  retreat  of  the  ice  become  tarns  or  lakes. 

Like  Hutton,  Playfair  exaggerated  the  influence  of  underground 
heat  in  the  formation  and  consolidation  of  rocks.  Thus  he  adopted 
and  stoutly  maintained  his  master's  contention  that  flints  and  agates 
have  been  introduced  in  a  molten  condition  into  the  rocks  among 
which  they  are  found.  He  never  grasped  the  idea  of  the  great 
solvent  power  of  water  and  the  permeability  of  rooks  by  aqueous 
iolations.  Bttioe  he  deliberately  rejected  the  proposition  that 
oonBolidation    of   rocks    may    be    brought    about    by    infiltration 
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(a  proposition  so  well  enforced  by  Lamarok),  and  he  ooniinued  to 
invoke  the  action  of  subterranean  heat,  amounting  sometimes  to  the 
point  of  fusion,  even  for  such  deposits  as  rook-salt 

Another  serious  defect  in  the  Huttonian  theory  was  strenuously 
upheld  by  its  illustrator.  Button  had  done  good  service  by  insisting 
upon  the  igneous  and  intrusive  nature  of  many  rocks  in  the  crust 
of  the  earth,  though  some  of  the  evidence  on  which  he  relied  was 
fallacious.  Having  convinced  himself  that  the  sparry  structure  of 
limestone  and  other  rooks  and  minerals  points  to  the  action  of  great 
heat  within  the  terrestrial  crust  under  so  vast  a  pressure  as  to 
prevent  the  escape  of  the  carbonic  acid  of  the  carbonates,  he  inferred 
that  the  kernels  of  zeolite,  calcite,  and  chalcedony  in  the  cavities  of 
amygdaloids  are  a  proof  that  these  rocks  have  been  injected  in 
a  molten  condition  into  the  crust,  and  never  reached  the  surface. 
Playfair  called  them  'unerupted  lavas,'  and  believed  them  to  be 
distinguishable  from  superficial  or  truly  *  erupted  lavas '  by  their 
enclosed  kernels  of  calcite  and  other  minerals,  which  are  absent  from 
lavas  poured  out  at  the  surface.  He  would  not  admit  that  any  of 
these  older  masses  could  be  true  superficial  lavas  which  might  have 
been  discharged  over  the  sea-bottom  and  buried  under  later  marine 
sediments.  He  quoted,  only  to  reject,  the  just  observation  of 
Spallanzani  that  the  amygdaloids  of  the  Euganean  Hills  are  true 
superficially  ejected  lavas,  the  steam  cavities  of  which  have  been 
filled  with  minerals  deposited  by  infiltrating  water  (§  234).  He 
was  evidently  much  impressed  by  the  singularly  interesting  and 
suggestive  account  given  by  Dolomieu  of  the  intercalation  of 
successive  sheets  of  lava  among  the  limestones  of  Sicily,  but  he 
would  not  admit  that  these  lavas  were  poured  out  over  the  sea- 
bottom  as  ''imagined"  by  Dolomieu.  He  did  not  see  that  by 
admitting  the  probability  of  ancient  ''submarine  volcanoes"  he 
would  in  no  way  have  invalidated  the  proofs  of  intrusion  demon- 
strated by  Button,  but  would  have  obtained  a  new  argument  in 
favour  of  his  master*s  doctrine  of  the  continuity  and  antiquity  of 
Nature's  operations  (§§  242-244). 

To  Playfair  belongs  the  merit  of  having  first  exposed  the  gross 
error  of  those  Neptunists  who,  in  support  of  their  opinion  that 
basalt  is  a  rock  which  was  deposited  from  solution  in  water,  cited  the 
basalt  of  Port  Rush  in  the  north  of  Ireland  as  containing  fossil 
shells.  His  practised  eye  soon  detected  the  source  of  the  blunder, 
a  dark  shale  containing  ammonites  having  been  mistaken  for  the 
basalt  which  had  invaded  and  greatly  indurated  it.^ 

One  of  the  most  memorable  "  Notes  "  to  the  "  Ulustrations  of  the 
Huttonian  Theory "  is  that  in  which  the  author,  discussing  the 
causes  of  the  apparent  changes  in  the  level  of  the  sea,  maintsins 
that  on  the  whole  it  is  the  land  which  rises  or  sinks,  and  not  the 
surface  of  the  sea  (Note  zxi).  It  would  be  difficult  to  exaggerate 
the  importance  of  this  contribution  to  geological  literature.  Aithoogh 

^  Playfair' B  examination  of  the  epecimens  from  Port  Rush  was  made  In  wmpucf 
with  Lord  Webb  Seymour  and  Sir  James  Hall  ("  IlliistratioDB,"  §  258). 
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Playfair's  generalisation  was  no  doubt  too  anqualified,  seeing  that 
he  failed  to  recognise  other  influences  which  more  or  less  a£feot  the 
IcTel  of  the  sea,  there  can  be  no  doubt  that  his  argument,  so  cogently 
and  temperately  urged,  at  once  introduced  simplicity  into  the  con- 
tideratioD  of  many  geological  problems  which  had  up  till  then  been 
invoWed  in  much  confusion,  and  that  in  this  way  it  greatly  helped 
the  onward  advance  of  the  science. 

After  the  publication  of  his  geological  volume  Playfair  made 
many  journeys  in  the  British  Isles  and  abroad  for  the  purpose  of 
visiting  places  of  geological  interest  and  of  gathering  materials 
towards  the  preparation  of  a  new  edition  of  that  work.  In 
particular,  after  the  conclusion  of  peace,  he  undertook  a  prolonged 
journey  on  the  Continent,  and  though  then  68  years  of  age, 
be  travelled  through  France,  Switzerland,  and  Italy,  as  far  as  the 
voloanio  r^on  of  Naples.  He  was  absent  from  Scotland  for 
seventeen  months,  and  in  his  journeys  travelled  a  total  distance  of  some 
4,000  miles.  The  quotations  from  his  notebooks  given  in  the  brief 
biographical  notice  of  him  prefixed  to  the  collected  edition  of  his 
works  are  so  replete  with  original  and  important  observations  as  to 
^1  us  with  the  deepest  regret  that  he  never  lived  to  embody  them 
in  an  amplified  re-issue  of  his  admirable  volume.  Had  he  been 
able  to  accomplish  his  design,  there  can  be  little  doubt  that  he  would 
thereby  have  given  a  further  impulse  to  the  progress  of  the  science 
which  he  loved  and  to  which  he  devoted  so  large  a  part  of  the  last 
years  of  his  life. 

In  concluding  this  address  I  should  like  to  point  out  how  well  the 
lives  of  the  two  distinguished  men  which  we  have  now  been  tracing 
illustrate  many  of  the  distinctive  aspects  of  scientific  research. 
They  show  the  fascination  exerted  by  the  study  of  Nature,  and  the 
devoted  enthusiasm  of  those  who  give  themselves  up  to  this  study 
and  pursue  it  with  a  self-abnegation  almost  heroic  in  its  indifference 
to  everything  but  the  establishment  of  the  truth.  Lamarck  and 
Playfair  were  engaged  in  the  investigation  of  the  same  problems, 
and  had  the  political  conditions  of  Europe  at  that  time  been  more 
favourable  they  would  doubtless  have  made  themselves  conversant 
with  their  mutual  researches,  and  in  all  likelihood  would  have 
entered  into  correspondence  with  each  other,  if  not  into  the  personal 
relations  which  the  Peace  of  Amiens  had  for  a  few  months  made 
possible. 

Among  the  changes  in  the  last  century  resulting  from  the 
remarkable  development  of  facilities  for  travel,  one  specially  worthy 
of  remark  has  been  the  continual  growth  of  sympathy  and  friendship 
among  men  of  science  in  every  part  of  the  world.  By  their 
community  of  interest  in  the  study  of  Nature  these  men  are  linked 
in  a  brotherhood  of  peaceful  and  serious  work.  For  science  belongs 
to  no  country,  or  rather  she  is  the  common  heritage  of  every  country. 
She  knows  no  politics,  and  pursues  her  calm  career  under  the  most 
antocratic  despotism  as  well  as  under  the  most  democratic  republic. 
She  does  not  employ  only  one  language,  but  makes  her  voice  heard 
4n  the  native  tongue  of  every  civilised  land.    Hence  it  has  come 


202      Dr.  K.  A.  Oronwall — Dimyodon  in  BritiA  Muozoic  Bocks, 

about  that  those  who  cultivate  soience  are  perhaps  the  most  oosmo- 
politan  men  in  our  modern  world.  They  oome  from  all  comers  of 
the  globe  to  organise  themselves  in  oongressee  for  the  purpose  of 
discussing  and  promoting  the  subjects  in  which  they  have  a  common 
interest  and  in  regard  to  which  they  can  render  each  other  mutual 
assistance.  Their  learned  societies  and  academies  rival  each  other 
in  their  generous  recognition  of  the  labours  of  foreign  fellow- 
workers.  If  the  Academie  des  Sciences  in  Paris  inscribes  in  ita 
roll  of  honour,  as  correspondents  and  associates,  the  names  of  the 
most  distinguished  men  of  science  of  all  countries,  the  Boyal  Society 
of  London  does  not  lag  behind  in  the  choice  of  its  foreign  members 
and  in  the  bestowal  of  its  medals  without  respect  of  nationality. 

Hence  there  cannot  be  any  doubt  that  the  desire  to  draw  together 
the  cultivated  society  of  France  and  Great  Britain  in  friendly  and 
personal  relations  (which  is  the  aim  of  the  ''Alliance  Franoo- 
Britannique,  litt^raire,  scientifique,  et  artistique  ")  has  already  long 
ago  been  accomplished  by  men  of  science.  If  these  men  on  the  two 
sides  of  the  Channel  are  rivals,  it  is  in  the  warfare  against  ignorance 
and  in  the  noble  task  of  building  the  vast  temple  of  soience  which 
by  their  joint  labours  and  those  of  their  associates  in  other  lands 
is  slowly  but  surely  rising  in  the  midst  of  mankind. 

Seeing,  then,  that  as  men  of  science  we  have  experienced  the 
inspiration  and  the  pleasure  of  mutual  co-operation  with  our  fellow- 
labourers  abroad  in  the  same  pursuits,  we  welcome  with  the  heartiest 
cordiality  the  establishment  and  growth  of  sympathy  and  friendship 
between  the  peoples  of  France  and  of  Great  Britain.  Most  sincerely 
do  we  hope  that  the  same  spirit  of  mutual  respect  and  active 
brotherhood  which  has  so  long  reigned  in  the  scientific  world 
may  spread  through  all  ranks  of  society,  until  the  two  united 
nations  shall  be  able  to  speak  to  the  world  with  one  single  voice 
in  the  cause  of  liberty,  of  progress,  and  of  peace. 

To  render  even  a  feeble  service  towards  the  promotion  of  this 
great  international  movement  of  our  time  must  be  regarded  as  at 
once  a  duty  and  a  pleasure.  For  myself,  I  am  proud  that  permisuon 
has  been  granted  to  me  to  speak  in  behalf  of  such  a  cause  in  the 
halls  of  the  Sorbonne,  for  so  many  centuries  a  favourite  home  of 
Philosophy  and  Science,  and  I  am  happy  to  avail  myself  of  this 
opportunity  of  offering  my  tribute  to  the  memory  of  the  illustrious 
men  who  within  these  walls  have  created  one  of  the  intelleotoal 
centres  of  the  world  and  have  linked  mankind  together  in  ties  of 
gratitude  and  admiration  for  the  genius  of  France. 


II. — On  the  Oocubrencb  of  the  Genus  Dimyodon^  Hun.-Cralx., 

IN   THE    MeSOZOIO    RoOKS   OF   GbEAT   BbITAIN. 

By  Dr.  E.  A.  Gkunwall,  of  the  Geological  Surrey  of  Denmark,  Copenhagen. 

WHEN  looking  through  the  number  of  the  Quarterly  Journal 
of  the  Geological  Society  for  August,  1905, 1  saw  the  paper 
by  Mr.  Richardson  on  the  Khsatic  deposits  of  Glamorganshire  and 
his  figure  of  FUcatula  intusstriata,  Emmr.      At  the  first  glance  il 
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strook  me  that  tbii  fossil  was  closely  allied  to  a  group  of  bivalves, 
well  known  to  me  as  oooorring  in  the  Ohalk,  where  it  is  represented 
by  the  genus  Bimyodon,  Munier-Ohalmas. 

In  1842  von  Hagenow  ^  described,  under  the  name  Oatrea  Nihsoni, 
a  bivalve  shell  found  in  the  White  Chalk  of  Biigen,  attached  to 
several  other  fossils,  e.g.,  belemnites,  oysters,  and  sea-urchins. 
Although  be  gave  parallel  diagnoses  of  this  shell  and  Oatrea 
hippopodium,  Nilss.,  he  did  not  see  the  generic  difference  between 
his  fossil  and  the  oysters. 

Later  on,  1891,  J.  Bohm '  referred  Oatrea  Nilisoni  to  the  genus 
Bimyodon,  Mun.-Chalm.,  and  in  the  same  year  Stolley '  described 
a  new  species,  as  also  did  I  myself  in  the  year  1900,^  then  figuring 
the  three  Danish  species  that  all  occur  rather  commonly  in  the 
Ohalk  of  North- Western  Germany  and  Denmark,  B.  Nihaoni,  von 
Hag.,  B.  Bdhmt,  StolL,  and  B,  eoatatua,  Grunw. 

This  group  of  fossils  also  occurs  in  the  British  Chalk.  B.  NiUsoni 
was  in  the  year  1864  described  by  S.  P.  Woodward^  under  the 
name  Plicaiuia  aigillina,  S.  P.  WooJw.  H.  Woods,  in  his  recent 
monograph  of  the  British  Chalk  Bivalves,'  having  in  the  description 
of  1901  (Pt.  iii,  p.  143 ;  pi.  xxvi,  figs.  19-22)  used  S.  P.  Woodward's 
name,  in  an  addition  of  1903  (Pt.  v,  p.  225)  altered  it  into  the 
onrrent  name,  Bimyodon  NiUaoni. 

When  writing  the  note  on  Dimyodon  in  1900  I  found  in  the 
collections  of  the  Museum  of  Copenhagen  some  British  specimens  of 
B.  Nilssoni,  v.  Hag.,  and  also  one  of  B.  Boehmi,  StoU.,  fixed  on 
a  Micr aster  cor'testudtnarium. 

During  a  visit  to  England  in  the  Summer  of  1905  I  saw  in  the 
British  Museum,  besides  several  specimens  of  D.  Nilssoni  from 
various  localities,  one  specimen  of  D.  Boehmi,  or  a  closely  allied 
form,  fixed  on  an  Echinocorys  from  the  Upper  Chalk  of  Gravesend, 
Kent,  and  of  Grays,  Essex. 

In  the  collections  in  Copenhagen  I  liad  also  seen  some  specimens 
of  this  genus  from  the  Jurassic  fixed  on  other  fossils  of  greater 
importance  and  themselves  never  determined.  In  the  Geological 
Museum  of  Bath  some  specimens  of  Dimyodon,  growing  on  a  Lima 
from  the  Lower  Lias,  attracted  my  attention.  They  were  labelled 
Plicatula  intusalriata,  and  the  localities  were  Shepton  (Somerset), 
Southerndown  and  Bridgend  (Glamorganshire).  There  was  also 
a  smaller  species  of  Dimyodon  fixed  on  a  Lima  from  the  Upper 
Lias.  I  had  no  opportunity  of  an  examination,  but  only  surveyed 
them  as  they  were  exhibited  in  the  show-case. 

Later  on,  in  the  paper  of  Mr.  Richardson'  I  met  with  the 
excellent  figure  of  the  Plicatula  intussiriata,  Emmr.,  clearly  proving 

>  Neues  Jahrb.  f.  Min.,  1842,  p.  546. 

*  Palsontoeraphica,  toI.  xxxviii  (1891),  p.  89,  pi.  iv,  fig.  7. 

»  Mitth.  Mm.  Inst.  Univ.  Kiel,  toI.  i  (1891),  tome  vii,  p.  243,  pi.  vii,  fig.  8. 
«  Medd.  dansk  geol.  Foren.,  No.  6  (1900),  pp.  73-80,  pi.  ii,  figs.  1-8. 
»  G«oL.  Mao.,  Vol.  I  (1864),  p.  112,  PI.  V,  Figs.  1-5. 

*  A  Monograph  of  the  Cretaceous  Lamellibranchia  of  England  (Palseont.  Soc, 
1M9-1903). 

7  Q.J.Q.3.,  ToL  Ixi  (1906),  p.  423,  pi.  xixiii,  fig.  1. 
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thai  this  fossil  belongs  to  Dimyodonf  as  this  genus  is  represented  by 
the  above-mentioned  Gretaceous  species. 

As  it  is  obvious  that  this  series  of  forms  is  widely  distribated  in 
the  Jurassic  rocks  of  Qreat  Britain,  as  well  as  in  the  Cretaoeons, 
I  wish  to  call  the  attention  of  British  geologists  to  these  fossils. 
It  would  be  a  promising  task  to  subject  the  genus  and  such  allies 
as  may  hide  among  the  numerous  obscure  Plieattda  and  Oiirea  to 
a  thorough  revision,  but  as  I  have  neither  the  necessary  time  nor 
material  and  literature  at  my  disposal  I  will  only  give  some  hints 
on  this  matter. 

The  genus  Dimyodon  was  established  by  Munier-Chalmas  in  the 
**  Manuel  de  Conchy liologie  "  of  Fischer,  1887,  p.  937,  and  its  type 
is  D,  Schlumbergeri,  Mun.-Ch.  (I.e.,  fig.  705),  from  the  Bathonian  of 
H6rouvinette.  Fischer  considers  Dimyodon  as  a  subgenus  of  Dimya 
Bouault,  but  Zittel  ^  seems  to  regard  these  two  genera  as  identioaL 

I  am  inclined  to  place  the  following  species  in  the  genus  Dimyodoii, 
but,  as  already  mentioned,  this  enumeration  in  no  way  claims  to  be 
complete.' 

A. — JUBASSIO. 

1.  D.  intusstriatuB,  Emmr.  A  very  widely  distributed  species  in 
the  Rhsatio  and  the  Lower  Lias.  In  the  Alps  it  was  first  found  and 
therefrom  described  by  Emmrich '  (the  **  E^ssener  Schichten  "  of  the 
Northern  Alps).  Its  distribution  in  France  is  unknown  to  me,  but 
Mr.  Jean  Miquel,  of  Barroubio  par  Aiguesvives,  has  kindly 
communicated  to  me  a  specimen  from  Yillespanans  (H^rault)  from 
the  Avicula  contorta  zone.  As  to  its  distribution  in  Great  Britain, 
I  am  indebted  to  Mr.  Eichardson  for  very  minute  records; 
D,  intu88triatu8  has  its  maximum  in  the  White  Lias,  but  ranges  from 
the  Avicula  contorta  zone  to  the  Bucklandi  zone.  Mr.  Bichardson 
has  found  it  in  Devon,  Somerset,  S.  Gloucestershire,  and  Glamorgan- 
shire.    According  to  R.  F.  Tomes  *  it  occurs  also  in  Warwickshire. 

2.  D.  (?)  retifer,  Eudes-Deslongchamps.  Mr.  Miquel  communicated 
to  me  a  specimen  of  this  fossil  (which  I  only  refer  to  this  species 
on  the  faith  of  his  determination)  from  the  Upper  Bathonian  of 
France,  '^falaise  de  St.  Aubin  sur  mer,  Calvados."  It  was  determined 
as  a  PUcatula,  but  there  is  no  doubt  of  its  belonging  to  Dimyodon. 

3.  D.  Schlumbergeri,  Munier-Chalmas.  This  species,  the  genotype, 
is  found  in  the  Bathonian  of  Herouvillette,  France,  and  is  figured 
in  Fischer's  "  Manuel  de  Conchy  liologie  "  (I.e.). 

4.  D.  atriatiaaimus,  Quenstedt,'  from  the  Malm  of  Germany,  White 
Jura  7. 

1  **  Grandziige  d.  Palaontologie,"  Zweite  Auflage,  1903,  p.  292. 

^  Besides  that  some  species  may  be  concealed  among  Plieatukf  and  Ottr§m,  I  maj 
here  mention  that  Mr.  Munier-Chalmas  in  1897  told  me,  in  a  letter,  that  thm  were 
still  some  imdescribed  Jurassic  species  of  Dimyodon. 

*  Jahrb.  d.  k.  k.  geol.  Reichsanst.,  vol.  iv  (1853),  p.  376. 

*  Q.J.G.S.,  Tol.  xxxiv  (1878),  p.  182. 


a 


s  **Der  Jura,"   1858,  n.  628,  pi.  Ixxriii,  fig.   4.     The  anther  also  figues 
Flieatula  sp.  (pi.  Ixxviii,  ng.  5)  from  the  White  Jora  /3 ;  it  belongs  to  DiwuyUvn. 
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B. — Cbbtaokous. 

5.  2>.  Boehmi,  StoU.^  This  widespread  species  occurs  in  the 
Senonian  of  Northern  Qermany,  Denmark,  and  England,  and  is  also 
found  in  the  Danian  at  Faxe,  Denmark. 

6.  D.  eostatus,  Gronw.'  Common  in  the  Senonian  of  Denmark, 
Sweden,  and  Northern  Germany ;  also  found  in  France,  at  Meudon. 
In  the  Danian  there  is  found  a  form  that  in  some  points  differs  from 
that  of  the  Senonian. 

7.  I),  intusradtatus,  Giimhel.^    Upper  Chalk  of  the  Bavarian  Alps. 

8.  Z>.  NiUaoni,  v.  Hag.^  This  species  has  a  very  great  extension 
Tertically  as  well  as  horizontally.  It  ranges  from  the  Upper  Gault 
of  Folkestone  to  the  Danian  of  Denmark.  It  occurs  abundantly  in 
the  Chalk  of  England,  Northern  France,  North- Western  Germany, 
the  Northern  Alps,  Denmark,  and  Sweden. 

As  to  the  systematic  position  of  the  genus  Dimyodon  as  here 
defined,  authors  are  not  quite  in  agreement,  mainly  because  these 
fossils  occur  in  a  rather  imperfect  state  of  preservation,  and  because 
the  free  valve  is  but  rarely  found.  The  cardinal  parts  of  the  shell 
are  commonly — as  a  rule  in  the  young  ones — inconspicuous  and 
obliterated,  while  the  muscular  impressions,  in  the  Cretaceous 
forms  at  least,  are  almost  unknown.  The  ridge-formed  teeth,  how- 
ever, sufficiently  prove  the  hinge  mechanism  to  be  isodont  and  these 
fossils  to  be  allied  to  the  Spondylidse. 

Some  authors  '  have  considered  D,  Nihsoni  to  belong  to  the  genus 
Cycloatreon,  Eichwald,'  the  type  of  which  is  the  Ostrea  jiltcatnlotdes 
of  Leymerie.'  According  to  the  rather  obscure  description,  the 
genus  Cyclosireon  is  characterized  by  the  absence  of  proper  cardinal 
teeth  and  muscular  impressions,  in  place  of  which  there  is  a  horse- 
shoe-shaped impression  which  serves  for  the  reception  of  ligament 
and  the  junction  of  the  valves. 

This  interpretation  may  be  the  right  one  for  the  original  species, 
0.  plica ttdoideSf  Leym. ;  but  for  the  fossils  here  mentioned  I  may 
deny  the  possibility  of  assigning  them  to  the  genus  Cyclostreon  as 
defined  by  Eichwald.  Frauscher^  has  in  the  genus  Cyclostreon 
associated  some  most  heterogeneous  species,  among  which  two  species 
of  Dimyodon,  D,  iniuasiriaiuSy  Emmr.,  and  D,  iniusradiatuSy  Giimb., 
are  to  be  found. 

The  Cretaceous  species  of  the  genus  Dimyodon  form  a  well 
circumscribed  and  strictly  defined  group,  and,  so  far  as  I  know  the 
Jurassic  species,  it  seems  to  me  that  the  same  will  apply  to  them. 

•  Stolley:  loc.  cit.    Gronwall:  loc.  cit.,  fig.  8. 
'  Gronwall :  loc.  cit.,  figs.  4-7. 

'  Palaeotttographica,  yoI.  xxxviii  (1891-2),  p.  88,  pi.  iv,  figs.  2a-e, 

•  Gronwall:  loc.  cit.,  figs.  1-3.     "Woods:  loc.  cit. 

•  Yogel,  1895  :  in  Sammlungen  d.  geol.  Reichsmuseum  zn  Leiden,  neue  Folge,. 
heransg^ben  v.  K.  Martin,  vol.  ii,  tome  1,  p.  14,  pi.  i,  figs.  4-7.  Wegner  i 
Zeitach.  a.  dentsch.  geol.  Gesellsch.  Jahrg.,  1905,  p.  175. 

•  Lethsea  roesica,  vol.  ii,  pp.  406-7. 

^  likm,  Soc.  g^l.  France,  ser.  n,  tome  iv  (1851),  p.  195,  pi.  ix,  figs.  17a-«. 

•  Denkachr.  k.  Akad.  Wiss.,  Math.  Nat.  CI.,  vol.  Ii ;  Wien,  1886. 
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III. — On  the  Relation  between  the  Oldeb  and  Newer Paljsozoios 

OF  West  Gobnwall.^ 

By  J.  B.  Hill,  B.N.,  of  the  Geological  Surrey. 
(PLATE  XrV.) 

Introductory. 

THE  author,  who  has  long  been  engaged  on  the  PalsBOzoios  of 
West  Cornwall,  divided  the  killas  extending  westward  from 
Gerrans  Bay  into  four  groups  that  formed  a  natural  sequenoe.* 
Moreover,  as  they  included  definite  Lower  Silurian  horizons,  as 
characterized  by  the  fossiliferous  quartzite  of  Came,  these  divisions 
were  linked  with  the  Lower  Palasozoics.  They  consist  of  the 
Yeryan,  Portscatho,  Falmouth,  and  Mylor  groups.  On  the  latest 
issues  of  the  old  Survey  maps  the  area  occupied  by  the  first  of  these 
divisions  is  coloured  as  Silurian,  and  the  region  occupied  by  the 
remainder  as  Devonian.  That  colouring,  however,  was  not  adopted 
by  De  la  Beche,  who  surveyed  the  region,  nor  was  it  the  result  of 
any  subsequent  survey  of  the  area.  In  the  original  G^logical 
Survey  map  of  Cornwall  the  killas  was  separated  by  De  la  Beche 
into  two  divisions,  viz.,  a  granwacke  group  and  a  carbonaoeous 
series.  Thus,  the  former  lying  below  the  Culm -measures  was 
undiflferentiated  for  the  reason,  as  explained  in  his  Beport,'  that  the 
progress  of  geology  at  that  time  only  warranted  the  broadest 
generalizations.  He  moreover  expressed  the  opinion  that  the 
terms  Cambrian  and  Silurian  should  be  restricted  to  the  areas  that 
gave  rise  to  the  prolonged  researches  of  Murchison  and  Sedgwiok, 
and  deprecated  the  extension  of  that  nomenclature  to  districts  that 
had  not  received  the  same  detailed  investigations.  Li  a  later  and 
undated  issue  of  the  map  the  grauwacke  group  is  divided  into 
Devonian  and  Silurian,  presumably  by  the  authority  Sir  Boderick 
Murchison.  The  Devonian  colour  was  not  only  applied  to  fossili- 
ferous strata  in  East  and  Mid  Cornwall,  but  was  extended  over  the 
unfossiliferous  strata  in  the  west.  The  Silurian  tint,  on  the  other 
hand,  was  restricted  to  a  zone  that  had  yielded  organic  remains. 
Murchison,  however,  was  of  opinion  that  the  older  zone  extended 
far  beyond  those  limits  into  the  barren  strata  coloured  as  Devonian,* 
and  it  is  evident  that  the  latter  tint  was  adopted  as  a  matter  of 
•convenience,  as  no  re-examination  of  the  area  seems  to  have  been 
undertaken.  The  known  Silurian  region  was  confined  to  the 
coastal  belt  between  Chapel  Point  and  Gerrans  Bay,  a  boundary 
connectiug  those  localities  admitting  of  the  ready  isolation  of  thi^ 
zone  from  the  rest  of  the  country.  That  such  a  broad  geDeralizaiion, 
however,  was  only  regarded  as  provisional  may  be  inferred  from  the 
absence  of  a  line  on  the  map  between  the  two  divisions.  It  will  be 
eoen,  therefore,  that  the  subdivision  of  the  killas,  as  the  result  of  the 

^  Communicated  by  penmssion  of  the  Director  of  the  Greologioal  Survey. 
^  Summary  of  Progress,  1898,  p.  97,  and  Trans.  Roy.   GeoL  Soc.  Ooniwill, 
ivol.  xii(I901),  pt.  6. 
^  '^  B«port  on  the  Geology  of  Deyon,  Cornwall,  and  West  Someiset,"  pp.  SS-41. 
*  Trans.  Roy.  Geol.  Soc.  Cornwall,  toI.  vi,  p.  322. 
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reoent  torrey,  neither  invalidates  the  map  publiahed  by  De  la  Beohe 
nor  the  aabeequent  oonclusions  of  Murohison.  It  has,  on  the  other 
hand,  not  only  brought  their  generalizations  within  more  definite 
limits,  bnt  has  carried  the  investigation  a  step  farther  by  demon- 
Btrating  the  relations  between  the  older  and  newer  Palseozoios  of 
Cornwall. 

As  the  lithologioal  characters,  the  strnctoral  features,  and  the 
mntaal  relations  of  the  divisions  into  which  the  killas  has  been 
differentiated  have  already  been  the  subject  of  former  comiuunioa- 
tions,  both  to  the  Boyal  Geological  Society  of  Cornwall^  and  to 
the  Summaries  of  Progress  of  the  G^logical  Survey,'  they  will  only 
be  treated  briefly  in  this  paper.  They  will,  moreover,  be  fully 
described  in  the  Survey  memoirs,  but,  as  the  results  of  reoent 
investigations  constitute  an  important  advance  in  the  elucidation  of 
the  geology  of  the  West  of  England,  it  will  be  convenient  to  present 
at  onoe  an  outline  of  these  conclusions,  as  the  ofiScial  publications 
will  not  be  immediately  forthcoming. 

The  main  object  of  this  paper  is  to  demonstrate  the  existence  of 
an  important  unconformity  dividing  the  Upper  and  Lower  Pal»ozoio 
formations  of  West  Cornwall.  Evidence  will  also  be  submitted 
pointing  to  the  natural  sequence  of  the  four  divisions  of  the  Lower 
FalsBOzoics,  and  to  the  Lower  Devonian  age  of  the  conglomeratic 
fteries  of  Manaocan  and  Grampound. 

Zithology  of  the  Lower  Palaozoie  divisione. 

The  lithologioal  characteristics  of  the  divisions  will  now  be  briefly 
touched  upon. 

Veryan  Series, — ^This  group  consists  of  blue  and  grey  slate  with 
itandy  alternations,  thin  dark  limestones,  and  dark-coloured  cherts. 
Notwithstanding  the  occurrence  of  chert  and  limestones  tlie  sandy 
interlaminations  are  frequently  coarse,  but  being  largely  composed 
of  soft  grains  are  readily  cleaved.  This  series,  which  also  includes 
the  Came  quartzite,  is  further  characterized  by  the  presence  of 
manganese,  which  stains  the  slate. 

Poriseaiho  Series. — These  consist  of  blue  and  grey  clay  slates, 
alternating  with  harder  beds  showing  every  gradation  from  a  sandy 
slate  to  a  fairly  strong  grit.  The  latter  are  characterized  by  the 
predominance  of  quartz  and  the  comparative  abundance  of  clastic 
mica.  The  marked  feature,  however,  which  distinguishes  them 
from  the  Veryan  Series  is  the  absence  of  limestone,  except  at  their 
mutual  junctions.  This  dearth  of  calcareous  material  also  applies 
to  the  Falmouth  and  Mylor  divisions. 

Falmouih  Series, — This  series  consists  of  argillaceous  and  fine 
sandy  alternations,  varying  in  colour  from  green  to  grey  and  buff, 
although  blue  argillaceous  beds  sometimes  appear.  The  contrasting 
tints  produce  a  variegated  appearance  common  to  this  group.  Their 
mode  of  decomposition  is  equally  characteristic.  The  sandy  seams 
become  readily  friable,  are  unctuous  to  the  touch,  and  weather  into 

'  See  paper  already  cited. 
•    '  From  1897  on  wards. 
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a  deep  buff  colour.  The  material  is  of  finer  textore  than  the 
Portsoatho  Beds,  and  the  coarse  structure  often  seen  in  the  latter 
is  not  represented.  The  presence  of  zones  of  strongly  contrasted 
purple  and  green  slate  is  likewise  a  distinctive  characteristic  of  thia 
group. 

Mylor  SeHes. — This  division  consists  of  blue  argillaceous  and 
fine-textured  sandy  beds.  The  latter  are  often  very  siliceous,  and 
occasionally  thin  quartzites  are  developed.  The  most  distinguishing 
feature  of  this  series  is  its  striped  and  ribbon- like  appearance,  due 
to  fine  alternations  of  siliceous  and  argillaceous  material,  or  to 
argillaceous  laminas  varying  in  composition  and  colour.  This 
composite  structure,  while  a  marked  characteristic  of  this  division* 
is  frequently  developed  both  in  the  Portsoatho  and  Falmouth 
divisions.  In  this  series  it  has  often  contributed  to  the  productioi^ 
of  pseudo-conglomerates,  following  conditions  of  stress.^ 

Natural  sequence  of  the  Lower  Palaozoie  ditfisions. 

The  four  divisions  already  referred  to  pass  uninterruptedly  into  one 
another  without  any  stratigraphical  break.  The  junction  between 
the  Very  an  and  Portsoatho  groups  is  well  exposed  at  Pendower  in 
Qerrans  Bay.  Although  the  two  groups  there  occupy  adjoining 
horizons,  and  the  former  are  coloured  as  Silurian  and  the  latter  a» 
Devonian  in  the  old  map  to  which  attention  has  been  drawn,  their 
natural  sequence  is  demonstrated  'by  the  gradual  dying  out  of  the 
Yeryan  limestones  to  the  west,  and  which  are  still  represented  in 
an  attenuated  form  within  the  Portsoatho  Series,  thus  serving  as 
a  connecting  link  between  the  two  groups.  Not  only  do  the  Veryan 
Series  pass  uninterruptedly  into  the  Portsoatho  group,  but  these 
latter  also  graduate  imperceptibly  into  the  Falmouth  Series,  which 
in  their  turn  merge  insensibly  into  the  Mylor  Beds.  Notwithstanding 
the  comparative  absence  of  palseontologioal  data  the  researches  of 
Mr.  Howard  Fox  and  Dr.  Hinde  on  the  Badiolaria  tend  to  confirm 
the  unbroken  sequence  of  these  deposits.  The  Badiolarian  remains 
have  been  determined  by  Dr.  Hinde  from  localities  scattered 
throughout  these  divisions,  but  these  organisms  have  not  been 
detected  on  any  known  Devonian  horizon.  Besides  Badiolaria, 
Grinoidal  and  other  fragments  are  occasionally  found  in  these 
divisions,^  but  their  occurrence  is  extremely  rare.  The  quartadte  of 
Game  in  Gerrans  Bay,  which  has  yielded  Garadoc  fossils,  was 
included  within  the  Yeryan  Series,  as  it  appeared  to  fall  naturally 
into  that  division.'  The  detailed  investigation  of  that  area  baa  been 
subsequently  undertaken  by  Mr.  Beid,  whose  results  do  not  invalidate 
that  sequence. 

Belationa  of  the  Newer  and  Older  Palaozoiea  in  the  Mcmacean  wrea. 

Having  now  given  a  brief  outline  of  the  Lower  Palssoioio 
divisions,  in  so  far  as  they  have  been  investigated  by  the  anther, 

1  An  account  of  these  stmctares  will  be  found  in  the  Trans.  Boy.  Oed.  8oe. 
Cornwall,  vol.  xii  (1901),  pt.  6. 
'  Excluding  the  Carne  quartzite. 
'  J.  B.  Hill :  Trans.  Roy.  Oeol.  Soc.  Cornwall,  vol.  xii  (1901),  pt.  6. 
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their  preoiM  relations  with  the  Devonian  formation  will  now  be 
disonseed.  While  engaged  last  season  on  the  survey  of  the  tract 
bordering  the  Helford  basin,  the  killas  was  carried  south  to  Porthallow 
and  westward  as  far  as  Tregidden.  At  Portballow  a  fault  divides 
the  killas  on  the  north  from  mica-sohist  on  the  south.  The  rocks 
lying  to  the  south  of  that  disturbance  are  not  dealt  with  in  this  paper. 
The  sedimentary  divisions  from  the  Carnmenellis  granite,  ou  the 
north-west,  to  Porthallow  on  the  south-east,  occur  in  the  following 
topographical  order : — 

Mylor  Series. 

Falmouth  Series. 

Portscatho  Series. 

Manaccan  Series. 

Yeryan  Series,  including  the  Quartzite. 

Of  these  groups  the  Manaccan  Series  represents  the  Newer 
Palsoozoic,^  and  the  remainder  are  confined  to  the  Older  PalsBOzoic. 
The  strike  of  the  latter  is  about  north-east  and  south-west,  while 
that  of  the  former  is  slightly  oblique  and  approximates  to  an  east 
and  west  direction. 

The  Hylor  Series,  through  which  the  granite  has  intruded,  occupies 
a  band  gradually  widening  in  a  south-westerly  direction  from  Porth- 
navas  to  Gweek.  Excellent  coast  sections  across  the  entire  band 
are  afforded  by  Polwheveral  Creek,  showing  the  whole  metamorphic 
aureole  as  well  as  the  zone  beyond. 

The  Falmouth  division  that  succeeds  to  the  south-east  forms 
a  narrow  band,  but  widening  likewise  in  a  south-west  direction. 
It  extends  from  Mawnan  Smith  to  Mawgan  Creek,  and  is  almost 
entirely  confined  to  the  north  side  of  Helford  River.  Besides  the 
main  zone,  infolded  lenticles  occur  in  the  vicinities  of  Helford, 
Durgan,  and  Bream  Cove.  Excellent  transverse  sections  are 
exhibited  along  tlie  coast  at  Calamansack. 

The  Portscatho  Series  succeeds  the  Falmouth  group  to  the  south- 
east and  forms  the  coastline  as  far  south  as  St.  Anthony.  To  the 
westward  it  practically  monopolises  the  southern  side  of  Helford 
Biver,  and  the  northern  shore  as  far  as  Porthnavas  Creek.  It  also 
reappears  as  a  small  strip  at  Porthallow,  where  it  is  separated  from 
metamorphic  rocks  of  the  Lizard  type  by  a  fault. 

The  Manaccan  Series, — Tlie  natural  sequence  represented  by  these 
three  Lower  Palaeozoic  groups  is  now  broken,  and  another  assem- 
blage makes  its  appearance,  which  may  be  designated  the  Manaccan 
Series.  It  rests  unconformably  on  the  Portscatho  and  the  Yeryan 
divisions  (including  the  Came  quartzite),  and  is  largely  made  up 
of  their  detritus.  The  group  occupies  a  band  extending  westerly 
from  the  coast  at  Nare  Point,  whence  it  has  been  mapped,  as 
far  as  St  Martin.  Passing  to  the  north  of  Manaccan  it  is  seen 
along  the  shores  of  Gillan  Creek,  and  around  the  Nare  Point  to 
a  little  beyond  the  Nare  Head.  Its  southern  margin  from  the  coast- 
line to  TVeglossack  skirts  the  Yeryan  Series,  and  thence  to  the 

'  The  evidence  in  support  of  this  assumption  will  be  given  latei. 
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westward  is  in  oontaot  with  the  Lizard  group.    Besides  this  maitt 
outcrop  small  infolds  also  occur  amongst  the  Veryan  Series.     Litho- 
logically,  the  group  consists  of  conglomerate,  sandstone,  and  clay 
slate,  the  two  latter  heing  often  calcareous,  and  they  are  all  so 
clearly  interbedded  that  their  natural  sequence  is  obyious.     The 
most  important  member  is  undoubtedly  the  conglomerate,  from 
the  evidence  it  a£fords  of  the  derivation  of  the  group.     Its  character 
and  main  constituents  have  been  given  in  a  former  publication,^  since 
which  it  has  yielded  chert,  mica -schist,  and  possibly  serpentine. 
The  latter  ingredient,  however,  being  obtained  from  a  road  section, 
the  evidence  is  possibly  not  conclusive.     At  its  northern  margin, 
where  the  conglomerate  is  in  close  relation  with  the  Portscatho 
Series,  it  is  almost  entirely  composed  of  fragments  derived  from  that 
group.     This  is  admirably  exhibited  at  Gilian  harbour,  where  the 
magnitude  of  the  boulders,  often  exceeding  a  foot  in  size,  enables 
their  ready  identification  with  the  Portscatho  Beds  in  their  immediate 
vicinity,  in  which  practically  every  type  of  the  latter  is  seen  to  be 
incorporated.    The  fact,  moreover,  that  the  fragments  were  veined 
with  quartz  prior  to  such  incorporation  sufficiently  indicates  the 
magnitude  of  the  break  represented  by  this  unconformity.     The 
conglomerate  is  likewise  seen  in  contact  with  the  Portscatho  Beds 
on  the  coastal  shelves  at  Men-aver  Point  and  Nare  Point.     It  has 
been  remarked  that  the  conglomerate  varies  with  the  nature  of  the 
underlying  rock  from  which  it  is  derived.     Whereas  at  Gilian  Creek, 
where  it  rests  on  the  Portscatho  Series,  fragments  of  that  group 
preponderate,   as   the   Veryan   Series  and   quartzite  horizons  are 
approached  it  partakes  more  of  the  character  of  those  types,  and  the 
foreign  fragments  derived  from  the  Lizard  rocks  increase  in  a  similar 
direction.     The  conglomerate  is  by  no  means  continuous,  but  the 
base  of  the  formation  is  frequently  of  fine  texture.     This  is  shown 
by  the  protruding  bosses  of  quartzite,  some  of  which  are  encircled  by 
the  sandstone  beds  of  the  Manaocan  Series.     There  is,  moreover, 
a  tendency  for  the  coarser  deposits  to  die  out  in  a  westerly  direction, 
as  was  long  ago  recorded  by  De  la  Beche,'  the  frequent  absence  of 
which  presents  difficulties  in  the  demarcation  of  the  Manaocan  Series 
from  the  older  Palsaozoics  that  underlie  them,  and  especially  where 
good  sections  are  not  available. 

The  Manaccan  Series  present  a  less  advanced  type  of  metamorphism 
than  that  of  the  Lower  Palseozoio  divisions  amongst  which  they 
occur.  This  difference  in  deformation  between  the  older  and  newer 
Palsdozoios,  although  not  always  of  a  very  marked  type,  was  early 
recognized  by  the  author  as  a  significant  factor,  more  especially  in 
the  comparison  of  the  killas  of  Mid  Cornwall  with  that  occupying 
the  western  regions,  which  pointed  to  the  conclusion  that  the  latter 
represented  conditions  of  stress  that  were  either  not  experienced 
by  the  former  or  prevailed  in  a  less  vigorous  deg^ree.  In  the 
Manaccan  area  this  contrast  is  admirably  illustrated  by  the  com* 
paratively  unaltered  condition  of  the  clay  slates  associated  with  the 

»  J.  B.  Hill:  Trans.  Roy.  Geol.  Soc.  Cornwall,  1901. 

^  *' Report  on  the  Geology  of  Cornwall,  Devon,  and  West  SomerBeC,"     .95. 
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oonglomerate  and  the  more  advanoed  type  of  deformation  represented 
by  the  adjoining  Portaoatbo  and  Veryan  dividons.  Mr.  John 
Pringle  has  obtained  numerous  plant  remains  from  these  rooks, 
together  with  a  few  oorals  and  braohiopods,  but  beyond  indicating 
a  marine  fauna  they  throw  no  light  on  their  geological  age.  The 
argillaceoos  members  were  searched  for  graptolites,  but  without 
BQooesa. 

The  Manaccan  Series  is  also  characterized  by  the  presence  of 
a  baslo  lava  that  occupies  a  well-marked  horizon  between  Koskruge 
and  Tregidden.  Its  contemporaneous  nature  is  clear,  not  only  from 
its  baring  been  involved  with  the  coarser  deposits,  and  frequently 
pnrtaking  of  a  conglomeratic  margip,  but  scoriaceous  boulders 
clearly  derived  from  it  have  been  incorporated  with  the  adjacent 
conglomerate.  Tbe  rock  is  a  very  fine-grained  basalt,  often 
andesitio,  and  belonj^s  to  the  *  pillow  lava '  class.  As  this  rock  is  the 
sole  greenstone  in  West  Cornwall  that  can  be  definitely  separated 
from  the  intmsives,  it  is  possible  that  the  contemporaneous  green* 
stones  are  restricted  to  the  Devonian.^  Moreover,  its  comparatively 
Diideformed  condition  still  further  illustrates  the  less  advancea 
meCamorphism  presented  by  the  Devonian  rooks  to  that  of  the 
Lower  PalsBOzoioa. 

like  Verffon  Seriea  of  Meneage, — The  quartzite  is  almost  entirely 
hidden  beneath  the  Manaccan  Series,  through  which  it  emerges  in 
numerooB  lentioles  from  Penare  on  the  east  to  Trevaddra  on  the 
west.  Besides  being  veined  with  quartz  it  is  often  extremely 
breooiated,  but  in  this  condition  loses  nothing  in  compactness,  the 
interstices  beiog  filled  up  with  silica.  This  character  was  attained 
prior  to  the  formation  of  tbe  overlying  conglomerate. 

The  Veryan  Series  is  exposed  along  the  coast  from  a  little  north 
of  Nare  Cove  to  Porthallow  Cove,  whence  it  extends  inland  as  far 
as  Treglossack,  and  is  there  overlain  by  the  Manaccan  Series.  This 
small  tract  is  highly  disturbed,  while  local  thrusts  and  brecciation 
with  production  of  pseudo-conglomerate  are  prevalent,  and  it  is, 
moreover,  not  solely  confined  to  the  Veryan  group.  The  quartzite 
appears  between  Nelly's  Cove  and  Porthallow  Cove.  Thin  limestones 
are  seen  from  Nelly's  Cove  to  Nare  Cove.  Radiolarian  cherts  are 
distributed  over  the  section,  and  are  strongly  developed  at  Nelly's 
Cove.  The  Portscatho  Series  and  strips  of  the  overlying  conglomerate 
ean  also  be  detected,  more  especially  at  the  south  of  Porthallow  Cove, 
where  the  former  is  contiguous  to  the  Lizard  group.  It  is  probable 
also  that  this  highly  disturbed  tract  may  contain  representatives  of 
other  zones,'  but  the  Veryan  Series  undoubtedly  preponderates.  At 
Gallentreath,  between  Nelly's  Cove  and  Porthallow  Cove,  a  green- 
stone of  pillow  lava  type  is  seen  that  recalls  the  pillow  lava  of 
Mullion  Island.  Another  highly  silicified  igneous  rock  that  is 
closely  adjacent  resembles  a  similar  band  mapped  by  Mr.  Reid 
at  Perhaver.     Like  the  rock  at   Mullion  Island,  the  Gallentreath 

^  The  eTidence  pointing  to  the  Devonian  age  of  the  Manaccan  Series  will  follow. 
-  Gbol.  Mag.,  1904,  No.  481,  in  which  Mr.  C.  D.  Sherbom  has  referred  fossils 
obtained  from  this  distriot  to  Ludlow  age. 
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greenstone  is  in  close  proximity  to  Radiolarian  cherts,  but  the 
evidence  is  insufficient  to  decide  whether  it  is  intrusive  or  con- 
temporaneous. 

The  Devonian  base  on  the  Qrampound  and  Probue  horizons. 

The  evidence  obtained  from  the  Manaocan  area,  where  the  Upper 
Palsdozoic  rooks  occur  as  a  great  outh'er  amongst  the  Lower  Palsdozoio 
group,  has  thrown  light  on  the  nature  of  the  junction  further  to  the 
north   that  marks   the  main  boundary  between  those  formations. 
The  fine-grained  conglomerate  of    Qrampound   and    Probus   was 
recognized  in  1902  as  the  equivalent  of  the  conglomerate  of  the 
Manaccan  Series.     This  inference  was  amply  confirmed  by  micro- 
scopical   determination    undertaken    by   Dr.   Flett.       It    contains 
a  similar  assemblage  of  rock  fragments,  resembling  one  another 
so  closely  as  practically  to  preclude  the  possibility  of  their  derivation 
from  different  sources,  or  from  the  same  source  at  widely  different 
periods.     It  was  at  the  same  time  recognized  that  it  might  represent 
an   unconformity  between    the   Silurian   and  Devonian  rooks  of 
Oornwall,  an  inference  which  the  recent  detailed  investigation  of  the 
Manaccan  area  has  shown  to  be  correct.     This  fine-grained  con- 
glomerate is  associated  with  slightly  calcareous  sandstones  and  day 
slates,  and  the  whole  assemblage  is  precisely  equivalent  to  that 
represented  by  the  Manaccan  Series,  except  that  in  the  latter,  besides 
the  fine-grained  conglomerates  like  those  of  Probus  and  Orampound, 
these  beds  frequently  present  an  extreme  coarseness,  many  of  the 
included  boulders  exceeding  a  foot  in  size.     As  already  remarked,  the 
conglomerate  of  that  area  is  by  no  means  continuous,  but  the  base 
of  the  formation  is  frequently  of  fine  texture.     There  is,  moreover, 
a  tendency  for  the  conglomerate  to  die  out  in  a  westerly  direction, 
so  that  the  demarcation   of  the   Manaccan  Series  from  the  older 
Palseozoics  is  attended  with  difficulty  in  the  cultivated  areas.    These 
conditions  are  exactly  reproduced  in  the  Probus  horizon.    The  coarse 
conglomerates,  analogous  to  those  of  Manaocan,  occurring  only  in 
the  district  further  to  the  east,  where  they  have  been  mapped  by 
Mr.  Keid  in  the  Gorran  Sheet  (353),  while  in  the  western  direction 
towards  the  Bristol  Channel  even  the  fine-grained  conglomerates  of 
Probus  and   Qrampound   disappear.     The   rock  series  of  Probus 
likewise  corresponds  in   strike  with    that  of   Manaocan,   having 
a  general  east  and  west  trend  and  oblique  to  that  of  the  adjoining 
Lower  Palaeozoic  strata.      The  southern  boundary  extends  from 
Perth  Towan  on  the  west  to  Probus  on  the  east,  whenoe  it  has  been 
traced  by  Mr.  Reid  to  the  north  of  Tregoney,  where  it  sweeps  to  the 
south,  and  thereafter  follows  an  irregular  course  to  the  coast  at 
St  Michael  Caerhayes. 

The  Qrampound  and  Probus  Beds  have  hitherto  yielded  no  oiganio 
remains  except  at  Ladock,  where  an  indeterminable  braohiopod  has 
recently  been  discovered.  To  the  north,  however,  the  work  of 
Messrs.  Beid  and  Scrivenor  shows  that  they  link  on  with  Lower 
Devonian  fossiliferous  horizons  in  the  Newquay  district.  They, 
moreoYer,  have  close  affinities  to  the  Devonian,  not  only  in  their 
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preTailiDg  strike,  but  also  in  lithologioal  type  and  metamorphio 
condition.  For  these  reasons  they  are  taken  to  represent  the  base- 
ment beds  of  that  formation. 

Relative  deformation  of  ike  Older  and  Newer  Palaozoiee, 

It  has  already  been  pointed  out  that  the  Lower  Palaaozoio  rooks 
exhibit  a  greater  degree  of  deformation  than  do  the  overlying 
Devonian.  It  can  be  shown  by  the  included  boulders  in  the  Devonian 
conglomerate  that  the  Oaradoo  quartzite  was  brecciated  and  the 
mterstioes  cemented  by  silica  prior  to  their  incorporation  in  that 
deposit.  It  has  likewise  been  shown  from  the  same  evidence  that 
the  Portscatho  Beds  had  been  welded  into  solid  rock  and  veined  with 
quartz  before  the  formation  of  that  conglomerate.  The  Lower 
Palseozoic  beds,  therefore,^  must  have  been  buried  deep  within  the 
erast  and  compressed  into  solid  rock,  and  subsequently  upheaved  to 
form  the  floor  of  the  Devonian  seas.  At  the  close  of  the  Oarboni- 
ferooB  period  these  rocks,  in  common  with  the  overlying  Devonian, 
were  again  brought  within  the  influence  of  crustal  disturbance,  by 
which  they  were  folded,  fractured,  and  cleaved.  As  a  result  of  this 
twofold  experience  in  the  subterranean  depths  almost  all  traces  of 
organic  life  appear  to  have  been  obliterated.  So  far  as  the  Mylor, 
Falmouth,  and  Portscatho  divisions  are  concerned,  and  even  the 
Yeryan  Series  if  we  exclude  the  quartzite,  the  sole  relic  of  life  that 
has  survived,  except  an  occasional  crinoid  fragment,  is  confined  to 
the  Badiolaria,  the  preservation  of  their  casts  being  in  no  small 
measure  due  to  the  minuteness  of  these  tiny  creatures,  and  to  the 
siliceous  nature  of  the  cement  in  which  they  are  usually  encased. 

Age  of  the  Lower  Palaozoic  divisions. 

The  age  of  the  Lower  Palseozoics  cannot  be  precisely  defined. 
The  Quartzite  is  of  Lower  Silurian  age,  and  palsdontologists  are 
agreed  that  the  fauna  is  Caradoc.^  If  its  inclusion  in  the  Yeryan 
group  be  correct — and  there  is  no  evidence  at  present  pointing  to 
a  discordance  in  the  sequence — there  is  a  natural  succession  from  the 
Quartzite  on  the  one  hand  to  the  Mylor  Series  on  the  other.  The 
discovery  of  Upper  Silurian  fossils  by  Messrs.  Upfield  Green, 
Sherborn,  and  Beid  in  areas  closely  adjoining  to  the  Caradoo 
Quartzite  would  appear  to  indicate  a  downward  succession,  of  which 
the  Mylor  Series  represents  the  base,  and  that  the  Lower  Palseozoio 
divisions  referred  to  in  this  paper  are  Lower  Silurian.  As  the 
survey,  however,  of  the  older  Palseozoics  in  the  Meneage  peninsula 
has  not  yet  been  completed,  it  will  be  safer  to  defer  further  con- 
sideration of  this  subject  until  the  evidence  has  been  exhausted.  It 
will  be  sufficient  for  the  present  to  have  demonstrated  the  limits  of 
the  Devonian,  and  to  have  shown  that  the  killas  of  West  Cornwall 
is  chiefly  restricted  to  the  Lower  Palsdozoics,  of  which  at  least  one 
member  is  of  Caradoo  age. 

'  The  Lower  Silurian  age  of  this  quartzite  was  proved  by  the  late  Mr.  Charles  W. 
Peach,  to  whose  palsontological  researches  Cornish  geology  owes  so  much. 
Mnrchison  noted  that  the  Gorran  fossils  were  Upper  Caradoc,  ana  those  of  Gerrans 
Bay  (Came  quartzite)  were  even  younger  (Trans.  Boy.  Geol.  Soc.  Cornwall,  ^oV,  ^V). 
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Work  of  other  ohservere  in  the  districL 

The  geologioal  literature  of  West  Cornwall  is  so  TolnmiDous  that 
it  would  be  impossible  within  the  oompass  of  this  paper  to  do  justioe 
to  the  work  of  previous  observers.  In  1821  the  Nare  Point  con- 
glomerate was  referred  to  by  Sedgwick,  who  noted  its  mechanical 
origin  and  its  passage  into  the  ordinary  grauwacke  of  the  district.^ 
It  is  evident  from  a  perusal  of  De  la  Beohe's  Report,  that  had  he 
differentiated  the  Silurian  strata  from  the  Devonian,  he  would  have 
included  among  the  former  some  of  the  killas  in  the  Meneage 
peninsula.  As  already  remarked,  Murchison  expressed  the  opinion 
in  1846  that  much  of  the  strata  between  Gerrans  Bay  and  Falmouth 
would  prove  to  be  of  Silurian  age.  The  killas  of  West  Cornwall 
has  formed  the  subject  of  various  papers  by  Mr.  J.  H.  Collins, 
whose  researches,  extending  over  many  years,  prove  the  zeal  and 
enthusiasm  with  which  he  attacked  this  thorny  problem.  In  1881 
Mr.  Collins  published  a  sketch-map  with  his  paper  on  the  (Jeology 
of  Central  and  West  Cornwall,'  in  which  he  not  only  divided  the 
killas  into  numerous  units,  but  assigned  them  respectlTely  to 
the  Devonian,  Upper  Silurian,  Lower  Silurian,  and  Cambrian 
formations,  that  were  separated  from  each  other  by  unconformities. 
Although  Mr.  Collins*  general  conclusions  cannot  be  sustained,  he 
subsequently  correlated  the  conglomeratic  series  of  Meneage  with 
the  Ladock  Beds  (the  latter  being,  in  part  at  least,  equivalent  to  the 
Orampound  and  Probus  grits),  and  assigned  them  to  the  Lower 
Devonian.'  He  recognized  also  that  the  killas  of  West  Cornwall 
was  mainly  of  Lower  Palseozoic  age,  and  had  he  confined  himself 
to  that  broad  generalization  his  paper  would  have  ensured  a  more 
lasting  recognition.  He  also  placed  the  Ponsanooth  Beds,  which 
to  some  extent  represent  the  Mylor  Series,  at  the  base  of  the 
killas,  which  may  probably  be  correct.  Mr.  A.  Somervail  ^  oontro* 
verted  some  of  Mr.  Collins'  conclusions,  but  agreed  with  him  as  to 
the  Pre-Devonian  age  of  a  large  part  of  the  killas,  and  assigns 
a  Lower  Silurian  age  to  the  slates  from  Gerrans  Bay  to  the  vicinity  of 
Penryn,  most  of  which  had  been  similarly  classified  by  Mr.  Collins, 
and  Mr.  Somervail  suggested  that  they  were  of  Llandeilo  age.  In 
1891  Mr.  Ussher  published  a  sketch-map  with  his  paper,'  dealing 
with  the  Devonian  rocks  as  described  by  De  la  Beche  and  supple- 
mented by  his  own  researches  on  that  formation.  In  that  map 
Mr.  Ussher  has  likewise  shown  the  western  killas  (now  representing 
the  Mylor,  Falmouth,  and  Portscatho  Series)  as  (?)  Pre-Devonian, 
and  has  placed  the  Grampound  grits  at  the  base  of  the  series  classed 
as  undoubted  Devonian.  Mr.  Upfield  Green  has  daimed  the  beds 
represented  by  the  Mylor,  Falmouth,  and  Portscatho  Series  as 
Lower  Devonian,  of  which  the  Dartmouth  slates  represent  the 
upper  member,   while  the  base  is  marked  by   the  conglomerate 

*  Trans.  Cambridge  Phil.  Soc,  Tol.  i. 

2  Journ.  Roy.  Inst.  Cornwall,  vol.  vii,  p.  17. 

*  Journ.  Roy.  Inst.  Cornwall,  vol.  riii,  p.  186. 

^  Journ.  Roy.  Inst.  Cornwall,  toL  rii,  pp.  262-27S. 
>  Trans.  Boy.  Geol.  Soo.  Comi^  1891. 
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of  Meneage,  eto.^  Mr.  Qreen's  oonolnBionB  were  oritioized  by 
Mr.  Useliery  who  oonteDded  that  the  Buperposition  of  the  Dartmouth 
slates  to  ihe  Mylor,  Falmouth,  and  Portsoatho  Series  was  not 
supported  bj  proof.'  Mr.  Ussher  recalled  that  although  he  formerly 
correlated  the  Grampound  grits  with  the  Oedinnien,  he  would 
now  hesitate  to  do  so,  the  inference  apparently  being  that  they 
might  oooapy  a  higher  horizon.  In  that  paper  Mr.  Green  refers  to 
the  Portscatho  and  associated  series  as  consisting  ''chiefly  of  grits 
Taiying  much  petrologically,  but  mostly  felspathio,"  and  correlates 
them  with  arkose  or  felspathio  grits  that  occur  next  to  the  con- 
glomerate on  the  Continent.  As  the  conglomerate  is  now  shown 
to  be  unconformable  to  the  Portscatho  Beds,  it  is  of  little  importance 
to  point  out  that  the  latter  are  more  properly  defined  as  siliceous 
grits,  in  which  felspathio  constituents  play  only  a  subordinate  part, 
ao  that  their  correlation  with  the  Continental  arkose  referred  to 
oannot  be  supported  on  petrological  grounds.  In  1894  Mr.  Clement 
Beid  pointed  out  that  towards  Gorran  Haven  "  shore  conglomerates, 
belonging  probably  to  upper  part  of  Lower  1>evonian,  rest  directly 
on  OrdoTician  or  still  older  rooks." ' 

Finally,  the  researches  of  Mr.  Howard  Fox  on  the  Badiolarian 
cherts  of  West  Cornwall,  and  the  assistance  he  has  received  in  their 
determination  by  Dr.  Hinde,  must  be  referred  to.  Mr.  Fox  has 
shown  that  not  only  are  these  organisms  confined  to  the  horizon  of 
the  pillow  lavas,  which  indicates  such  a  remarkable  association  with 
Lower  Silurian  horizons  in  the  south  of  Scotland  and  elsewhere,  but 
he  bas  proved  their  existence  throughout  the  Silurian  sequence  of 
West  Cornwall.  The  fact,  moreover,  that  the  most  patient  search 
has  failed  to  detect  their  presence  in  the  Devonian  strata  has 
furnished  additional  evidence  in  support  of  the  differentiation  of 
those  systems  in  this  region.  On  the  assumption  that  the  Old  Bed 
Sandstone  was  deposited  in  great  inland  basins  it  is  possible  that  the 
British  Devonian  rocks,  being  so  closely  adjacent  to  the  Welsh  lake 
basin,  were  laid  down  in  a  partially  enclosed  sea  like  the  Medi- 
terranean, from  which  the  oceanic  organisms  might  have  been  almost 
entirely  excluded. 

Summary  and  Conclusion. 

The  main  conclusions  may  be  epitomised  as  follows  : — 

1.  ITie  Lower  Palaoozoic  divisions,  including  the  Veryan,  Port- 
scatho, Falmouth,  and  Mylor  groups,  form  a  natural  sequence. 

2.  The  Upper  P^tlssozoic,  represented  by  the  Manaocan  Series,  rests 
nnoonformably  on  the  Lower  Paleeozoics,  and  its  constituents  have 
been  largely  derived  from  the  Veryan  and  Portscatho  groups. 

3.  The  Veryan  and  Portscatho  groups  were  consolidated  and 
veined  with  quartz,  prior  to  their  denudation  and  incorporation 
in  the  Manaccan  conglomerate. 

*  QsoL.  Mao.,  1904,  p.  403. 

*  Gbol.  Mao.,  1904,  p.  690. 

t  Siunmary  of  Frogrees  of  (Geological  Surrey  for  1904,  pp.  22-23. 
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4.  The  Manaooan  Seriea  are  repeated  on  the  horisons  of  Probos 
and  Orampound,  from  which  they  extend  across  the  county  to  either 
coast 

5.  The  Manaccan  Series  represent  the  basement  beds  of  the  Lower 
Devonian,  and  the  Lower  Palsdozoic  groups  include  Lower  Silurian 
of  Garadoc  age,  but  whether  the  succession  is  ascending  or 
descending  has  not  been  definitely  proved,  although  the  evidence 
suggests  a  descending  sequence. 

Before  concluding,  it  may  be  remarked  that  the  facts,  herein 
presented,  involved  such  a  complete  change  in  the  colouring  and 
interpretation  of  the  old  geological  maps  that  a  special  investigation 
of  the  evidence  on  which  the  conclusions  are  based  was  undertaken 
at  the  request  of  the  Director  by  Mr.  H.  B.  Woodward  and 
Mr.  Clement  Beid.  As  the  result  of  that  investigation  they  were 
satisfied  that  the  conglomerate  was  partly  derived  from  the  under- 
lying Yeryan  and  Portscatho  Beds,  and  that  those  groups,  together 
with  the  associated  Falmouth  and  My  lor  Series,  are  of  Pre-Devonian 
age.  The  conclusions,  therefore,  which  form  the  subject  of  this 
communication  not  only  embody  the  opinions  of  the  author,  but 
command  the  support  of  his  official  superiors  of  the  Qeological 
Survey. 

EXPLANATION  OF  PLATE  XIV. 

Sketch-map  to  illustrate  the  geology  of  the  Manaccan  district. 


lY. — Fossil  Eohinoidba  from  Sinai  and  Eotpt* 

By  J.  W.  Greooet,  D.Sc,  F.R.8.,  F.G.S., 
Professor  of  Geology,  Glasgow  Uniyersity. 

(PLATES  X  AND  XI.i) 

THE  collections  of  Echinoidea  described  in  the  following  report 
were  made  by  Messrs.  Barron,  Beadnell,  and  Hume  during 
their  work  for  the  Egyptian  Qeological  Survey,  and  were  entrusted 
to  me  for  description  by  the  Director,  Captain  Lyons,  B.E. 

The  collections  belong  to  three  main  series — (1)  Cret^u)eous, 
(2)  Eocene  and  Miocene,  and  (3)  Pleistocene.  The  Cretaceous 
Echinoids  come  from  the  massif  of  Abu  Roash,  and  from  Sinai. 
The  specimens  from  Abu  Roash  were  collected  by  Mr.  H.  J.  L. 
Beadnell,  and  mostly  came  from  the  eastern  end  of  the  massif  near 
the  village  of  Abu  Roash.  The  best  known  fossil  from  this  horizon 
is  Coptosoma  ahbaiei  (Gauth.),  and  the  bed  from  which  it  oomes  has 
been  assigned  to  both  the  Cenomanian  and  the  Turonian.  The 
sections  published  by  Fourtau'  show  that  the  beds  belong  to  the 
older  part  of  the  Cretaceous  massif  of  Abu  Boash ;  but  he  plaoea  the 
C  abbaiei  beds  in  the  Turonian'  or  Lower  Senonian.^     Walther, 

>  [Plate  XI  will  appear  with  the  second  part  of  Professor  Gregory's  paper  in  the 
June  Number  of  the  Gbolooical  Magazine. — Editor.] 

»  Fourtau:  Notes  E'ch.  foss.  E'gypte,  1900,  p.  17. 

>  Fourtau:   ibid.,  p.  21 ;   and  Cret.  massif  Aba  Roaah,  G.B.,  Tol.  exm  (1900). 
*  Fourtau,  R^rision  E'ch.  foss.  E'gypte:  M4m.  Insl  E'gypt,  toI.  lii,  fasc  8 

(1899),  pp.  607,  623. 
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Echweinfurth,  Blanokenhom,^  and  Beadnell,'  on  the  other  hand,  place 
theae  beds  in  the  Cenomanian;  so  also  does  Dacque.'  Bat  the 
Eohinoids  from  these  beds  appear  to  me  to  be  Turonian  rather  than 
Cenomanian.  The  Eohinoids  from  this  massif  are  few  in  number, 
and  they  are  mostly  speoies  new  to  the  locality,  so  that  their 
evidence  is  by  no  means  decisive.  But  the  aflSnities  of  the  Abu 
Boash  Eohinoids  known  to  me  are  Turonian.  The  collections  give 
AO  evidence  of  the  occurrence  of  a  Cenomanian  Echinoid  fauna  at 
Aba  Boash.  Of  course,  Cenomanian  beds  may  occur,  from  which 
Eohinoids  were  not  collected. 

In  Sinai,  on  the  other  hand,  the  bulk  of  Eohinoids  are  of 
Cenomanian  affinities,  as  shown  in  the  table  of  species  {infra). 
The  Sinai  Eohinoids  include  two  Turonian  speoies  and  a  new  species, 
of  which  the  nearest  ally  known  to  me  is  Turonian.  This  fact  may 
represent  either  that  the  species  lived  in  both  epochs  or  that  the 
beds  of  the  two  series  occur  at  the  same  localities  in  Sinai. 

The  Cainozoio  fauna  in  this  collection,  excluding  the  Pleistocene, 
is  very  small,  and  the  specimens  are  not  well  preserved.  The 
most  puzzling  form  is  an  Echinolampaa  allied  to  E,  eramerif  Lor., 
which  is  reported  as  having  been  found  in  the  raised  beaches  of 
Wadi  Feiran  ;  it  is  quite  unlike  any  living  Echinolampcu.  Professor 
Jeffery  Bell,  the  best  British  authority  on  recent  Eohinoids,  kindly 
examined  the  specimens,  and  tells  me  that  they  are  unlike  any 
living  species.  The  affinities  of  these  species  are  Miocene  or 
earlier;  possibly  they  were  derived  from  blocks  of  limestone  that 
may  have  fallen  from  an  old  clifif  into  a  recent  beach. 

The  Pleistocene  fauna  from  both  shores  of  the  Gulf  of  Suez  has 
purely  Erythrean  characters.  Most  of  the  specimens  are  identical 
with  living  species.  A  few  specimens,  however,  which  are  badly 
preserved,  may  be  of  an  earlier  age,  as  they  may  be  either  recent  or 
extinct  species.  All  the  well-preserved  material  is  identical  with 
the  existing  Bed  Sea  species.  There  is  nothing  to  suggest  any 
considerable  antiquity  for  these  raised  beaches.  Seven  specimens 
are  somewhat  doubtful,  and  two  of  them  may  be  Pliocene  or  Miocene. 
Nos.  E  1660  and  J  1624  are  both  imperfect  specimens,  and  cannot 
be  identified ;  and  K  1660  from  the  level  of  380  feet  in  the  Wadi 
Abu  Shigeli  is  perhaps  Brissna  egyptiacua^  Gauthier,  which  is 
assigned  by  its  author*  to  the  Miocene. 

The  three  specimens  referred  doubtfully  to  Schtzaater  gihheruiua 
are  so  imperfect  that  the  determination  is  of  no  value.  They  may 
be  crushed  casts  of  that  species,  but  their  generic  characters  are  not 
known. 

The  JSchinodiacua  is  quite  unlike  any  Pleistocene  species,  and  the 
fragment  of  the  Clypeaater  (L  4204)  described  as  coming  from  the 

^  Max  Blanckenhom,  Neues  zur  Geol.  &  Pal.  Aegyptens :  Zeit.  dent.  Geol.  Ges., 
1900,  p.  33. 

»  Beadnell,  Cret.  Reg.  Abu  Roash :  Rep.  Geol.  Surv.  Egypt,  1900,  pt.  ii  (1902), 
pp.  18,  19,  20,  etc. 

'  Dacqiul,  Mitth.  Ereideoomplex  Abu  Roash :  Palseontogr.,  vol.  xxx  (1903),  p.  354. 

«  Pouitaii,  R^TiBion  E'ch.  toes.  E'gypte:  M6in.  Inst.  E'gypt.,  vol.  iii,  lasc.  8 
(1899),  p.  718,  pi.  iii,  figs.  11,  12. 
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beaoh  deposits  of  Wadi  Feiran  may  be  a  fragment  of  a  Miocene 
species.  The  only  species  from  that  locality  which  is  satisfactorily 
determinable  is  an  EehinolampaSf  which  is  a  Lower  Cainosoic  or 
Miocene  species.  Hence  it  may  be  Umt  the  three  species  of  Echinoids 
from  the  beaoh  deposits  of  Wadi  Feiran  are  remanii  from  a  Miocene 
or  Lower  Cainozoio  horizon. 

I  must  express  my  best  thanks  to  Captain  Lyons  for  having 
allowed  me  to  keep  the  collection  so  long,  in  spite  of  the  unavoidable 
delays  in  the  preparation  of  a  report  upon  it. 

I.    CKETACEOUS. 
Subclass  SEOUL ABIA  ECTOBRANCHIATA. 

Suborder  DIADEMINA. 

FamUy  DIADEMATIDiB. 

HETERODIADEMA,  Cotteaa,  1864. 

Hetebodiadsma  biobamulatuh/  n.sp.     (PI.  X,  I^.  la-/.) 

DiagnoBts, — Test  small,  low;  well  flattened  above  and  below; 
the  ambitus  is  tumid. 

Apical  area  large,  its  length  is  half  the  diameter  of  the  test ;  and 
the  ratio  of  breadth  to  length  is  7  to  9  (it  is  21  :  29  in  J7.  Ubifcum). 
In  slmpe  it  is  nearly  pentagonal;  the  three  anterior  aides  are 
straight,  while  the  two  posterior  sides  are  somewhat  convex. 
Peristome  small. 

Ambulacra,  13-14  compound  plates  in  each  vertical  aeries;  the 
passage  from  the  large  tubercles  on  the  ambitus,  to  the  smaller  ones 
near  the  apex,  is  leBs  sudden  than  in  H.  lihycum. 

Interambulacra,  10  compound  plates  in  each  vertical  aeries;  the 
scrobicular  areas  are  not  confluent,  but  occasionally  the  sorobicular 
circles  become  very  thin,  and  the  granules  somewhat  scanty ;  there 
are  two  granules  in  each  of  the  horizontal  rows  (instead  of  the  four 
in  H.  libycum)  between  the  base  of  the  boss  and  the  median  suture. 

Dimensions : 

Diameter        21  mm. 

Heio^ht  8*5  mm. 

Width  of  apical  area 9       „ 

LeDgth  of  apical  area  11       „ 

Width  of  ambulacrum  at  ambitus 6*6    ,» 

Width  of  intcrambulacrum  at  ambitus        8       „ 

Distribution.  —  Cenomanian  :  southern  slope  of  Jebel  Ounaeh^ 
Sinai.     L  3506.     Collected  by  Dr.  W.  F.  Hume,  1899. 

Figures. — PI.  X,  Fig.  la,  from  above,  nat.  size ;  Fig.  16,  from  tfae^ 
aide,  nat.  size ;  Fig.  Ic,  a  compound  ambulaoral  plate  showing  the 
granulation,  by  4  diam. ;  Fig.  Id,  &  worn  ambulaoral  plate  showing 
tiie  sutures,  by  4  diam. ;   Fig.  le,  interambulacral  plates  showing 

1  From  its  double  rows  of  granules  around  the  bases  of  the  ambital  interiwihnltfiiii 
tobercles. 
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tbte  ornamentation,  by  4  diam.  ;    Fig.  2,  JBttUrodiadema  Ubycum 
(Desor),  two  interambulacral  plates,  after  Cotteau. 

Affimties. — ^Thia  eohinoid  is  a  typical  Heierodiadema  ;  it  differa 
from  jET.  libyeum  (Desor),^  the  well-known  type-speoies,  by  its  non- 
oonflnent  scrobicalar  areas,  and  by  having  only  two  instead  of 
four  grannies  in  each  row  on  the  interambulacral  plates. 

Family  DIPLOPODIID-ffl. 
ACANTHECHIN0PSI8,»  n.gen. 

Diagnosis. — DiplopodiidsB  with  the  ambnlacra  diplopodous  abaoti- 
nally,  where  the  plates  are  long,  thin,  simple  primaries ;  but  with 
nniserial  epipodia  on  the  actinal  snrface  and  near  the  month.  The 
ambital  plates  are  of  five  primaries,  one  of  which  may  be  reduced 
to  a  demiplate. 

There  is  a  bare  depression  in  the  median  line  of  the  abactinal 
part  of  the  interambulacra. 

Tubercles  crenulate  and  perforate. 

Type  Species. — A.  humei,  n.sp. 

Distribution. — Cretaceous  :  Sinai  and  Southern  Tunis. 

Affinities. — ^This  species  is  most  nearly  allied  to  Acantheehinus,  but 
U  differs  therefrom  by  its  perforate  tubercles. 

AoANTHKOHiNOPSiB  HUHBi,  n.sp.     (PL  X,  Figs.  Sa-e.) 

Test  of  medium  size  ;  subpentagonal  ;  flat  below,  somewhat 
turban-shaped  when  seen  from  the  side. 

Ambulacra  broad  above,  where  the  epipodia  occur  in  long  narrow 
primaries.  The  ambital  plates  have  five  primaries,  one  of  which  may 
be  reduced  to  a  demiplate,  by  being  just  crushed  out  from  the 
middle  line. 

Interambulacra,  about  16  plates  in  a  vertical  series.  The  tubercles 
begin  as  a  single  series,  separated  from  the  series  on  the  opposite 
side  of  the  interambulaorum  by  a  bare  depressed  area.  On  the 
seventh  plate  from  the  top  a  second  line  of  tubercles  begins,  and 
the  ambital  plates  have  three  rows  of  tubercles  in  a  somewhat 
oblique  series. 

Dimensions  : 

Diameter  ...        ...        ...        ...        ...        ...        36  mm. 

Height  ...         ...         ...         ...  ..         ...         ...         15  mm. 

Diameter  of  perifltome 12*5  mm. 

Distribution.  —  Cenomanian  :  southern  slope  of  Jebel  Gunneh, 
Sinai.     L  3606.     Collected  by  Dr.  W.  F.  Hume. 

Figures. — PI.  X,  Figs.  3a  and  6,  test  from  above  and  from  the 
side,  nat.  size ;  Fig.  3c,  ambulacral  plates  near  the  apex,  by  4  diam. ; 
Fig.  3^,  ambital  ambulacral  plates,  by  4  diam. ;  Fig.  Be,  ambital 
interambulacral  plates,  by  4  diam. 

^  Fbtudodiadema  libyeum,  Desor,  1858:  Syn.  E'cli.  foas.,  p.  72.  Meterodiadetna 
Ubycum,  Cotteau,  1864  :  Pal.  fraiiQ.,  Terr,  ciet.,  vol.  vii,  p.  522,  pi.  1124. 
Cotteau,  Peron,  &  Gauthier,  1879:  Fch.  loss.  Alg^.,  fa^c.  5,  p.  201,  pi.  xy,  fig.  6» 
Gauthier,  1889  :  Fch.  foes.  S.  Hauts-Plat.  Tunisie,  p.  68. 

'  ISkid  AcaiUh§ekinut. 
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Affinities. — ^This  Bpeoiee  is  most  nearly  allied  to  a  specimen, 
described  by  Oautbier  as  Diplopodia  BemamennB,  Gkinth.,  from  the 
Cenomanian  of  Jebel  Semama  in  Southern  Tnnis,  to  which  it  is 
certainly  a  near  relation.  Qauthier  referred  to  the  abnormal 
characters  of  what  he  tnily  described  as  this  "  remarkable  species." 
He  had  only  one  imperfect  specimen ;  its  dimensions  are  diam.  35  mm., 
height  12  mm.,  and  diam.  of  peristome  11  mm. 

A.  humei  dififers  from  A.  BemamensiB  (Qauth.),  as  that  has  more 
abundant  interambulacral  tubercles. 


Acantheehinoptia  humei. 

^L.  MfVMMMIMW. 

Ambital  plate  has 

a  slightly  oblique  series  of 
three  tabercles. 

a  zigzag  row  of  four 
tuWcles. 

The  series  of  tabercles  which 
begins  at  the  top  of  inter- 
aznoulacral  area 

becomes  the  middle  row  at 
the  ambitus. 

remains  the  innermost 
line  throughout. 

The  second  vertical  series  of 
tabercles  begin  on  the 

fifth  plate. 

bird  uppermost  plate 
from  top  of  la. 

On  the  ambital  plates 

a    large    second    tubercle 
appears  inside  the  long 
row  of  primary  tubercles. 

no  conspicuooB  seoondaiy 
tubertle  inside  the  main 
series. 

Family  PEDINID^. 

MICROPEDINA,  Cotteau,  1867. 

MiOROPEDINA  BIPATELLIS.^      (PL  X,  Figs.  4,  Ba-f.) 

Test,  the  average  size  for  this  genus ;  well  rounded,  subspheroidal, 
but  with  depressed  actinal  surface,  tumid  ambitus,  and  the  upper 
aurface  much  more  raised  and  tapering  than  the  lower. 

Circular  in  section. 

Apical  area  and  peristome  both  small. 

Ambulacra :  the  epipodia  appear  conspicuously  biserial,  especially 
near  the  mouth,  but  at  the  ambitus  they  may  be  recognized  as 
triserial. 

The  ambulacral  plates  on  the  ambitus  consist  of  a  large  primary, 
with  small  adoral  and  aboral  demi plates  ;  the  aboral  and  middle 
epipodia  are  in  the  same  yertioal  line,  near  the  interradius  ;  the 
adoral  epipodium  occurs  at  about  the  middle  of  the  lower  edge, 
giviug  the  biserial  aspect  to  the  ambulacrum. 

Near  the  peristome  the  aboral  plates  may  be  a  primary,  and  the 
adoral  is  nearly  so.  The  ambital  ambulacral  plates  are  ornamented 
by  two  small  granules.  Interambulacra  of  long  narrow  plates  with 
an  irregular  line  of  very  small  granules,  which  may  be  as  many  as 
seven  in  number.  In  some  plates  the  line  of  granules  becomes 
doubled  near  the  ambulacrum. 

^  Haying  two  small  plates  (or  patella)  in  the  compound  ambulacnl  platet. 
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IHmeuiaM : 

L3482.  L4323.        M,  olmpponentii.   M.eoUiauL 

Diameter         40mm.      ...    33mm.      ...     13-40mm.  ...  26mm. 

Sdlriit...        ...        ...    28mm.      ...    26  mm.      ...  ...  22mm. 

Batio  of  hdgbt  to diam.     70  :  100     ...     78  :  100     ...    64  :  100  to  ...  88  :  100 

88:  100 

DiBtributian. — Egypt  Genomanian  :  Jebel  Qunneh  (L  4323)  ; 
nortliem  side  of  Jebel  urn  Raiyig,  north-eastern  Sinai  (L  3482). 
Both  collected  by  Dr.  W.  P.  Hume. 

Figure$. — PI.  X,  Fig.  4,  a  small  specimen  from  the  side,  nat.  size, 
from  Jebel  Gnnneh,  L  4323 ;  Figs.  5a-/,  plates  from  L  3482  from 
Jebel  nm  Baiyig ;  Fig.  5a,  ambulacral  plate  from  near  the  apical 
area,  by  4  diam. ;  Fig.  6h,  an  ambnlacral  plate  from  the  ambitus,  by 
4  diam.  ;  Fig.  50,  an  ambulacral  plate  from  the  actinal  surface, 
by  4  diam. ;  Fig.  5d,  an  ambulacral  plate  from  near  the  peristome ; 
iMgs.  5e  and  5/,  ambital  interambulacral  plates,  by  4  diam.  PI.  XI, 
Fig.  15,  the  ambital  ambulacral  and  interambulacral  plates  of 
Jf.  eoUeaui,  Coq.,  after  Cotteau. 

Ajfimiies. — llie  nearest  ally  of  this  species  is  JIf.  oUsipponenais, 
lior.,'  from  the  Cenomanian  of  Portugal,  which  differs  by  having 
three  regular  granules  on  the  ambulacral  plates,  and  somewhat  larger 
granules  on  the  interambulacrals.  It  differs  from  the  type-species, 
If.  cotteauif  Goquand,'  by  having  an  adoral  demiplate,  instead  of 
both  the  lower  plates  in  the  ambital  ambulacral  plates  being 
primaries.  In  this  respect  it  resembles  M.  oUsipponensis,  which 
agrees  with  M.  cotteaui  in  the  granulation  of  both  the  ambulacral 
and  interambulacral  plates. 

Family  CYPHOSOMATIDiE. 
CYPHOSOMA,  Agassiz. 
Cyphosoma  bbadnelli,  n.sp.     (PI.  X,  Figs.  6,  7a-d,  and  8.) 

Diagnosis. — Test  of  medium  size,  subcircular  and  low. 

Ambulacral  plates  composed  of  six  constituents ;  each  plate  has  one 
large  tubercle,  and  a  median  row  of  coarse  scanty  granules  down  the 
middle  line  of  each  area.  The  scrobioular  circles  are  confluent. 
Interambulacra,  10  plates  in  a  vertical  series ;  each  bears  one  large 
tubercle,  round  the  base  of  which  is  an  incomplete  scrobioular  circle, 
a  line  of  about  5  large  granules  on  the  inner  and  outer  sides  of  the 
■orobicular  circle,  which  is  incomplete  above  and  below  in  the 
ambital  plates,  so  that  the  scrobioular  areas  are  confluent. 

Dimensioiu : 


Another  specimen 

Largest. 

Another  specimen.            (Fig.  b). 

Diam.  max. 

28  mm. 

23*5  mm.        ...        24  mm. 

Diam.  min. 

26  mm. 

22mm.           ...            — 

Height 

9*5  mm. 

7  mm.           ...        10  mm. 

>  P.  de  Loriol:  Cr6t.  Fauna  Portugal,  yol.  ii  (1887),  E'chinodermes,  p.  62,  pi.  x,. 
Dgs.  3-6. 
»  Cottean:  Pal.  fnuMj.,  Terr.  cr6t.,  vol.  vii  (1867),  p.  823,  pi.  1197. 
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Figures. — PI.  X,  Fig.  6,  abaotinal  view  of  a  specimen,  nat  eise ; 
Fig.  7a,  another  speoimen  from  the  side,  nat  size ;  Fig.  75,  abaotinal 
-end  of  an  ambulaorum  of  the  same,  by  4  diam. ;  Fig.  7e,  an  ambital 
^mbulaoral  plate  of  the  same,  by  4  diam. ;  Fig.  Id,  interambnlacral 
ambital  plates  of  the  same  speoimen,  by  4  diam. ;  Fig.  8,  aotinal 
surface  of  another  speoimen,  nat.  size. 

Distribution. — Cretaceous  (Cenomanian  or  Turonian)  :  east  end  of 
Abu  Roash  village.    L  1376.     Collected  by  H.  J.  L.  Beadnell,  Esq. 

Affinities, — The  species  is  allied  to  the  Turonian  Cyphosoma 
-eoquandi,  Cott,^  of  Batna,  Algeria,  in  which  the  granulation  is  more 
abundant,  the  scrobioular  areas  are  not  confluent,  and  there  are  only 
Ave  components  in  the  compound,  ambital,  ambulacral  plates. 

THYLECHINTJ8,  Pomd,  1883. 
1.  Thtlsohinus  quinounoialis,'  n.sp.     (PI.  XI,  Figs.  8a-e.) 

Diagnosis. — Test  above  medium  size ;  circular ;  depressed. 

Peristome  moderate  in  size;  circular  wxik  well  -  developed 
^buccal  slits. 

Ambulacra :  about  16  compound  plates  in  each  vertical  aeries. 
The  scrobioular  circles  are  very  incomplete ;  they  may  be  represented 
only  by  a  series  of  granules  round  the  edge  of  the  boss,  but  there 
may  be  a  line  above  and  below  the  boss,  along  the  horizontal  edge 
of  the  plate. 

Interambulaora :  about  13  plates  in  each  vertical  series.  The 
plates  are  slightly  bent,  the  abaotinal  margin  being  concave.  The 
ambital  tubercles  are  quinouncial  in  arrangement,  and  there  are  three 
vertical  series  on  each  side  of  an  interambulacrum  at  the  ambitus. 
The  three  plates  nearest  the  peristome  have  one  tubercle  each. 

Dimensions  : 

Diameter     ...        ...        ...        ...        ...        ...        30-31  mm. 

Height        ...        ...        ...        ...        ...        ...        12-13  mm. 

Distribution. — Cenomanian :  Sinai,  marls  at  the  head  of  Wadi 
Etbal.     L  3872.     Collected  by  the  late  T.  Barron,  Esq. 

Figures. — PI.  XI,  Fig.  8a,  a  speoimen  from  the  side,  nat.  size ; 
Fig.  86,  part  of  the  ambitus,  showing  the  plan  of  the  interambulaoral 
tubercles,  by  3  diam. ;  Fig.  8c,  two  compound  ambulacral  plates 
from  the  same,  by  4  diam. 

Affinities. — This  species  resembles  by  its  quinouncial  tubercles 
one  of  the  two  echinoids  included  by  Qauthier '  in  71  saneti^arromam 
(Gauth.),  from  the  Dordonian  (Upper  Senonian)  of  Bir  Magner, 
Southern  Tunis.  It  appears  to  me  probable  that  the  speoimen 
illustrated  by  Gauthier's  figs.  9-11  is  a  distinct  species  from  his 
figs.  8,  12,  and  13,  which  may  be  selected  as  the  type  of  the  species. 
'J  his  Thylechinus  quincuncialis  differs  from  T.  sancti-arromani  by  the 
presence  of  only  one  tubercle,  instead  of  a  row  of  smaller  ones  on 
the  plates  next  the  peristome. 

^  Cotteau:  Tal.  fran<;.,  Terr.  cr6t.  (1864),  p.  587,  pi.  1139,  figs.  7-12. 

2  From  the  plan  of  the  tuherculation. 

3  Cyphosoma  aaneti-arromani,  Gauthier,  1889:  E'ch.  fosB.  Sad  Haaia-FIaleSiiX 
TuDisie,  pp.  81-82,  pi.  v,  figs.  8,  12,  13,  non  figs.  9-11. 
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2.    Thtlcohuius  triobamulatus,  xLsp.  (PL  XI,  Figs.  9a-€l.) 

Test  low  and  small ;  droular ;  it  is  flat  below,  is  tumid  at  the 
ambitus,  and  somewhat  pointed  above.  Apioal  area  small.  Peristome 
decagonal,  with  broad  buooal  slits. 

Ambnlaora,  about  11  compound  and  5  abaotinal  primary  plates,  in 
a  vertical  series.  The  uppermost,  or  the  two  uppermost,  compound 
plates  are  smooth,  and  have  only  a  low  granule.  Each  ambital 
plate  has  a  single  prominent  tubercle,  but  little  smaller  than  those 
of  the  interambnlacra.  The  boss  occupies  nearly  the  whole  of  the 
non-poriferous  part  of  the  plate,  and  is  surrounded  by  a  thin  single 
row  of  small  granules  on  its  border. 

hUerawhnlaera. — There  are  about  11  plates  in  each  vertical  series. 
The  plates  are  long  and  low ;  the  abaotinal  side  is  slightly  concave. 
The  base  of  the  tubercle  is  surrounded  by  a  circle  of  low  granules, 
ao  that  the  sorobicular  areas  are  non-confluent  Each  plate  typically 
has  three  prominent  granules,  one  in  each  of  the  two  adambulacral 
oomers  and  one  on  the  abaotinal  interradial  comer. 


DiBmeter  ...        ...        ...        ...        ...        ...  22inm. 

Height   ...        ...        ...        ...        ...        ...        ...  9 mm. 

Diameter  of  i^cal  area  5-6  mm. 

Diameter  of  periitome 8-9  mm. 

Width  of  amoulacrum  at  ombitoB       5  mm. 

Width  of  interambakcrom  at  amUtos  8*5  mm. 

Fibres. — PI.  XI,  Fig.  9a,  test  from  below,  nftt.  size;  Fig.  96, 
from  the  side,  nat.  size;  9(7,  upper  part  of  an  ambulacrum  showing 
the  structure  of  the  plates,  by  4  diam. ;  9(2,  part  of  an  interambulacrum 
at  the  ambitus,  by  4  diam. 

Distribution, — Cenomanian  —  Cretaceous  Marls :  head  of  Wadi 
Ethal,  Sinai.     L  3872.     Collected  by  the  late  T.  Barron,  Esq.,  1899. 

This  ThyUchinus  is  represented  by  one  specimen ;  it  is  somewhat 
distorted,  but  the  characters  are  well  shown.  The  ornamentation 
reminds  me  most  of  Cyphosoma  hayleif  Cott.  (Pal.  fran^.,  Terr,  cret., 
vol.  vii  (1864),  pi.  1138,  fig.  12),  which,  however,  is  a  true 
Cyphosoma. 

COPTOSOMA,  Desor,  1868. 
1.  GoPTOSOMA  ABBATEi  (Qauthior),  1899. 

Cypktmoma  abbatei,  Gauthier,  in  Fourtau,  1899 :   R6y.  Kch.  foss.  E'gypte,  M6m. 

Inst.  FgTpt.,  Yol.  iii,  fasc.  8,  p.  620,  pi.  i,  figs.  2-6. 
C^hotoma  abbateif  Fourtau,  1900 :  Notes  £'ch.  foss.  ITgypte,  p.  21. 
Cyphotoma  abbatei,  Dacqu6,  1903  :  Mitth.  Ereidecomplex  Abu  Roash,  Polaeontogr., 

Tol.  XXX,  p.  357. 
Titeudodiadema,  Bp.,'Walther,  1887 :  Apparition  craie,  Bull.  Inst.  E'gypt.,  1887,  p.  7. 

This  species,  well  described  by  Gauthier,  is  represented  by  a  good 
series  of  specimens.  They  show  that  the  ambulacra  are  not 
diplopodous  abactinally,  so  the  species  is  a  Coptosotna. 

DiMtribution. — Cenomanian  or  Turonian  :  eastern  end  of  the 
viHiige  of  Abu  Soash.    1 8792.    Collected  by  H.  J.  L.  Beadnell,  Esq, 
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2.  COPTOSOMA  OUNNKHENSIS,*  n.8p.      (PL  XI,  Figs.  lOa-d.) 

Diagnosis. — Test  of  medium  size ;  subpentagonal  in  form.  Flat 
base;  somewhat  tapering  below.  The  middle  area  of  the  iuter* 
ambulacra  is  depressed  near  the  apical  system. 

Apical  system  apparently  somewhat  small,  pentagonal. 

Peristome  large,  subdecagonal,  with  broad  buccal  slits. 

Ambulacra:  13  compound  plates  each  with  one  well -developed 
tubercle.  Scrobicular  circles  confluent ;  a  well -developed  double 
series  of  granules  down  the  middle  line  of  each  area.  Four  con- 
stituents in  each  ambital  ambulaoral  plate. 

Interambulaora :  12-13  plates  in  each  vertical  series.  At  th& 
ambitus  each  plate  bears  two  well-developed  tubercles ;  the  plates 
are  bent  into  a  step-like  form,  the  central  tubercles  being  half  the 
width  of  the  plate  nearer  the  actinal  surface. 

Granulation  scanty ;  the  two  scrobicular  areas  of  each  plate  ar& 
confluent,  but  they  are  not  confluent  with  those  of  the  plates  above 
and  below  it ;  usually  two  granules  on  the  side  of  the  plate  near  the 
ambulacrum. 

Dimensions : 

Diameter  27  mm. 

Height  ...        ...        ...        ...        ...        ...        ...  8mm. 

Diameter  of  apical  area  9-13  mm. 

Diameter  of  peristome ISmm. 

Width  of  amWacram  at  ambitus       6*6  mm. 

Width  of  interambulaonim  at  ambitus  11  mm. 

Distribution. — Cenomanian  (?) :  Jebel  Gunneh,  Sinai.  L  3506. 
Collected  by  Dr.  W.  F.  Hume. 

Figures. — PI.  XI,  Fig.  10a,  type-specimen  from  above,  and 
Fig.  106,  from  the  side,  nat.  size ;  Fig.  10c,  a  compound  ambital 
ambulaoral  plate,  by  4  diam. ;  Fig.  lOd,  ambital  interambulaoral 
plates,  by  4  diam. 

Affinities. — This  well-marked  form  has  the  doubly-bent,  step- 
shaped,  interambulaoral  plates  found  in  various  Cyphosomoid 
echinoids  of  the  Middle  and  Upper  Cretaceous,  as  in  Ogphosoma 
aleantarensCf  de  Loriol.'  Its  nearest  ally  is  the  Turonian  Coptosoma 
major  (Coquand),'  which  has  a  more  granulate  test,  the  two* 
scrobicular  areas  on  each  plate  being  separated  by  a  line  of  granules, 
and  according  to  Cotteau's  figures^  the  ambulacra!  plates  consist 
of  five  primaries.  Gauthier*  included  in  his  Oyphosoma  saneti* 
arromani  a  specimen  shown  in  his  figures  9,  10,  and  11,  which 
is  another  ally  of  this  species ;  it  has  the  step  -  shaped  inter- 
ambulaoral plates,  but  the  secondary  tubercles  are  on  a  somewhat 
different  plan.  C.  saneti-arromani  is  from  the  Dordonian  (Le. 
Maastrichtian  or  uppermost  Senonian)  of  Southern  Tunis. 

^  From  Jebel  Gunneh,  the  locality  of  the  tyne-spedmen. 

'  P.  de  Loriol:   Faune  Cr6t.  Portugal,  yol.  ii  (1887),  Fohinod.,  p.  62,  pL  ix, 
fig.  4,  from  Up.  Carentonian. 

*  Fhyinoioma  major,  Coquand,  1863:   G^l.  et  Pal.  Constantiiie,  M6m.  Soe. 
E'mul.  Provence,  vol.  ii,  p.  256,  pL  xxvii,  figs.  16,  17. 

*  Cotteau:  Pal.  fran9.,  '^^"^-  <^^*t  ^^l*  ^  (1864),  pi.  1148,  fig.  6. 

^  Gauthier:     Fch.    foss.    8ud   Haats-Plateaoz   Tunisie,   pC    t,    figs.    9-11, 
fioft  SgB.  8,  12,  13. 
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Subclass  IBREOULARIA. 

Order  1.    GNATHOSTOMATA. 

Suborder  HOLECTYPINA. 

Family  PYQASTERID-ffl. 

IIOLECTYPUS. 

1.  HoLXOTXPUS  0BN0HABSM8I8,  Queraoger,  1859. 

Sctieippui  cenowtaneptais,  Go^ranger,   ia  Cotteeu  &  Triger:    Fob.  Dep.   Sarthe 

(1859),  p.  173,  pi.  KX,  figs.  d-10. 
SoUcijfpHt  eenotnanenti»t  Duncan,  1865 :  £ch.  Coast  Arabia,  Quart  Jonm*  G^. 

8oc^,  Tol.  xxi,  p.  854. 
Rtitettfput  emomattensii,  Fonrtaa,  1899:   B^t.  E'ch.  foss.  E'gTpte,  M^.  Inst 

S'gypt.,  ToL  iiiy  faso.  8,  p.  625. 

DigiribuUon.  —  Cenomanian :    Algeria,  France,  eto. ;    Jebel   um 

Baiyig,  north-eastern  Sinai.     L  3483.     Colleoted  by  Dr.  W.  F. 

Home.     CretaceoQs  Marls :  Jebel  el  Araba,  Wadi  el  Araba,  Sinai. 

L  4220.    Collected  by  the  late  T.  Barron,  Esq. 

Dimentiani: 

L  4220. 

Diameter 

•VKllII  •«.  ... 

Height     ... 
Length  to  width... 
Lengtii  to  height... 


L8483. 

40*5  mm. 
39  mm. 
21mm. 
100 :  96-3 
100  :  51-8 


22*5  mm. 
22-25  mm. 
10  mm. 


24  mm. 
35  mm. 
11mm. 
15  mm. 

100:  45  to 
42*8 


MfMMfMNMfWWa 

45  mm. 

31mm. 

81mm. 

15  mm. 

100 :  48*4 

Diam.  in  this 
species  is  up 
to  45  mm.* 

Ajjinities. — The  charaoteristics  of  this  species  are  its  comparatively 
large  size  (up  to  45  mm.  in  diam.),  the  subpentagonal  or  subcircular 
form,  the  very  low,  conical  form,  and  the  great  size  of  the  periproct, 
which  is  acuminate  at  both  ends,  and  extends  from  the  peristome  to 
the  margin. 

It  differs  from  the  Echinoconus  egypttacus,  d'Orb.,^  by  its  low 
height;  from  H,  exeisuB,  Oott,^  by  the  fact  that  the  periproot  does 
not  notch  the  posterior  margin  of  the  test.  JJ.  aeria/ts,  Deshayes,^ 
is  much  smaller,  and  has  less  numerous  tubercles  on  the  inter- 
ambnlacral  plates;  and  so  also  has  H.juUieniy  P.  &  0.^  The  latter 
ia  a  TuTonian  and  Senonian  species,  and  in  spite  of  its  somewhat 
lower  height  is  a  near  ally  of  H,  cenomanensis. 

2.  HoLiGTYPUS  TUBONENSis  (Dssor),  1847. 

In  Agaseiz  &  DeMM- :  Cat.  rais.,  Ann.  Sd.  nat.,  ser.  iii,  vol.  yii,  p.  146. 
Cottean:  PaL  franc.,  Terr,  cz^.,  toI.  yii  (1861),  p.  56,  pi.  1018. 
Cotteau,  Peron,  &  Gauthier:  E'ch.  foss.  Alg^r.,  fasc.  6  (1879),  p.  87. 

1  Cotteao,  Peron,  ft  Gauthier :  E'ch.  foss.  Alg^.,  fasc.  5  (1879),  p.  172. 

*  D'Orbigny:  Pal.  frang.,  Terr.  cr6t,  toI.  yi,  p.  544,  pi.  1005,  figs.  7-9. 

*  See  e.g.  the  figure  in  Cotteau  &  Triger :  iTch.  I)ep.  Sarthe,  p.  368,  pi.  Izii, 
figs.  1,3. 

*  See  Deeor:  Sjn.  Kch.  foss.,  p.  174,  pi.  xxiii,  figs.  6-9. 

*  Peron  ft  Gauthier:  E'ch.  foes.  Alg^r.,  faec.  6  (1880),  p.  85,  pL  Ti,  figs.  3-7; 
fase.  7  (1881),  p.  91. 

DBOJIDB  v.— TOL.  UI.-^XO.  Y.  \5 
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Distribution.  —  Taroman  :  S.  Franoe,  and  Tebesaa,  Algeria. 
?  Oenomanian — Oretaoeous  Marls :  Sinai,  Wadi  Bagga  (L  4123)  ; 
and  head  of  Wadi  Ethal  (J  3873). 

This  speoies  is  represented  by  three  speoimens,  of  which  the  two 
from  the  Wadi  Ragga  show  all  the  characters  very  well.  They 
resemble  the  Cenomanian  JJ.  ercuauB,  of  which  it  is  possible  that 
they  are  young  specimens. 

Their  dimensions  are : — 

J  4233.  JSr.  erasiutfjlde  Cotteau. 

Diameter l&-23mm.        ...        51 J  mm.  by  31mm. 

Height      7-10  mm.        ...        17  mm. 

The  ornamentation  and  shape  agree  with  H.  turonenais  better  than 
with  H,  cra88u$.  The  periproot  notches  the  hinder  margin,  as  much 
as  in  the  French  specimens,  whereas  the  Algerian  specimens  are 
said  by  Cotteau,  Peron,  &  Gauthier  (op.  cit,  p.  88)  only  rarely 
to  do  so. 

3.  HoLKOTYPUs  LARTETi  (Cottcau),  1867.* 

Cotteau,  Notice  E'oh.  foss.  recueillis  par  Lartet  pendant  Tojage  dao  de  Lnynes: 

Bull.  Soc.  g^l.  France,  ser.  n,  vol.  xxri  (1869),  p.  537. 
Lartet:  Ezplor.  g6ol.  Mer  Morte,  Paris  (1877),  p.  155,  pi.  xiv,  figs.  1-^. 

Distribution, — Cretaceous:  Mt.  Hor  (coll.  Lartet).  Cretaoeous 
Marls  :  head  of  Wadi  Ethal,  Sinai.     L  3873.     Coll.  T.  Barron,  Esq. 

This  species,  by  its  small  periproct,  has  some  resemblanoe  to 
DiBCoidea,  but  the  peristome  is  typically  that  of  Solectypus,  The 
largest  of  the  three  specimens  is  23  mm.  in  diam.,  and  12*25  mm.  in 
height. 

According  to  Lartet*s  figure  the  diameter  of  the  type*specimen  is 
25  mm.  and  its  height  13  mm.  The  nearest  Algerian  species  is 
Holeeiy^u$  chauveneti,  P.  &  G.,'  in  which  the  diameter  and  height 
are  18  mm.  and  8  mm.  respectively. 

Family  GALERITID^. 

GALERITES,  Lamarck. 
Galerites  thomasi  (Peron  &  Gauthier),  1878. 
JEehinocontu  thomasi^  Peron  &  Gauthier,  1878  :  £'ch.  foes.  Alg6r.,  fasc.  5,  p.  162. 

Dt0<rt6u(ton.— Cenomanian:  Algeria  (Berouaguiah) ;  head  of  Wadi 
Ethal,  Sinai.     ?  L  3873.     Coll.  T.  Barron,  Esq. 

This  species  was  founded  on  a  very  imperfect  specimen  which 
showed  neither  periproct  nor  peristome,  so  that  the  identification  is 
doubtful. 

L  3873  includes  only  one  imperfect,  worn  specimen,  which  has 
the  tumid  margin,  a  slight  actinal  flattering,  a  large  subpentagonal 
peristome,  which  is  large  for  this  genus,  and  a  submarginal  periproot 

The  apical  system  agrees  with  that  of  Oaleritea  thoma$i. 

>  Compt.  Rend.,  vol.  lixviii  (1867),  p.  198. 

'  Peron  &  Grauthier :  E'ch.  fosa.  Alger.,  fasc.  5,  p.  172,  pK  xii,  figs.  ^-6. 
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EXPLANATION  OP  PLATE  X. 

Fio.  l.-^Heterodiadgma  Hgranulatum,  n.sp.     Genomanian  :  south  slope  of  Jebel 

Giumeh,  Sinai.    L  3506.    Collected  by  Dr.  W.  F.  Hume. 
1«,  type-specimen  from  aboTe.    Nat.  size. 
Ihf  from  tne  side.    Nat.  size. 

1«,  a  compound  ambulacral  plate  showing  the  granulation,     x  4  diam. 
Idf  part  of  a  worn  ambulacral  plate,  showing  the  structure  of  the  compound 

plates.     X  4  diam. 
\e,  two  interambulacrai  plates,  showing  the  ornamentation,     x  4  diam. 
\fj  another  interambulacrai  plate,     x  4  diam. 
Fio.  2. — H.  libyewn  (Desor).    Interambulacrai  plates  after  Cotteau. 
Fio.  3. — Aeantheehinoptis  barroni,  n.8p.     South  slope  of  Jebel  Gunneh,  Sinai. 

L  3506.    Collected  by  Dr.  W.  P.  Hume. 
3a,  b,  the  test  from  above  and  from  the  side.    Nat.  size. 
Zc,  ambulacral  plates  near  the  apex,     x  4  diam. 
3J,  ambital  ambulacral  plates,     x  4  diam.  • 

3«,  ambital  interambulacrai  plates,     x  4  diam. 
^108.  4-5. — Mieropedina  bipatellitf  n.8p.     Cenomanian  :    Sinai.     Collected  by 

Dr.  W.  F.  Hume. 
4,  a  small  specimen  from  the  side.    Nat.  size.    Jebel  Gunneh.    L  4823* 
5awfy  ambulacral  plates  from  L  3482.     x  4  diam. 
5«,  a  plate  near  the  apical  area. 
6^y  a  plate  from  the  ambitus. 
5«,  a  plate  from  the  actinal  surface. 
5df  a  plate  near  the  peristome. 

6tf,  /,  ambital  interambulacrai  plates  from  L  3482.     x  4  diam. 
^08.  fr-8. — Cyphotoma  headneUi^  n.sp.    Cenomanian  or  Turonian :  east  end  of  Abu 

Boash.    Collected  by  H.  J.  Beadnell,  Esq. 
6,  abactinal  view  of  a  specimen.    Nat.  size. 
7a,  another  specimen  from  the  side.    Nat.  size. 
7^,  abactinal  end  of  an  ambulacrum  of  the  same,     x  4  diam. 
"te,  ambital  ambulacral  plate  of  the  same,      x  4  diam. 
7e/,  interambulacrai  ambital  plates  of  the  same  specimen,     x  4  diam. 
8,  actinal  surface  of  another  specimen.    Nat.  size. 

(To  be  concluded  in  the  June  Number.) 


V.  —  Notes  on  the  Corbies  of  the  Gomebaqh  Mountains, 

Co.  Watebpobd. 

By  F.  R.  CowpBB  Rbed,  M.A.,  F.G.S. 
{Concluded from  the  April  Number,  p.  161.) 

BETWEEN  Crotty's  Lough  and  Coumshingaun  a  long  spur  of  the 
Comeraghs  juts  out  eastwards  for  about  a  mile  and  a  half  with  an 
average  height  of  1400-1500  feet.  On  the  south  side  this  projecting 
ridge  descends  rather  steeply  to  a  stream  at  its  base,  which  heads  at 
a  height  of  over  2,400  feet  on  the  lofty  plateau  between  Coumgorra 
and  Coamshingaun ;  it  runs  down  the  mountain-side  in  a  narrow 
gully  over  bare  rock  and  reaches  the  foot  in  a  series  of  picturesque 
waterfalls.  No  glacial  d6bri8  occurs  in  this  ravine,  but  on  the  lower 
ground  the  stream  flows  over  the  margin  of  the  moraines  belonging 
to  Coamshingaun  and  runs  eastward  as  the  River  Ire  to  join 
ultimately  the  Clodiagh. 

We  now  come  to  Coumshingaun,  the  principal  and  best  known 
corrie  in  the  Comeraghs  and  containing  the  largest  lake.  The 
eorrie  has  the  form  of  a  somewhat  elongated  horseshoe  axid  loti^^ 
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west  It  is  situated  only  about  one-third  of  a  mile  south  of  Crotty'& 
Lough,  with  the  above  described  ravine  of  the  Biver  Ire  between 
them.  The  mouth  of  the  corrie  measures  about  500-600  yards 
across,  being  narrowed  by  the  approach  of  the  enclosing  spurs,  but 
towards  its  head  it  expands  considerably,  so  that  the  opposing  cliffs 
are  as  much  as  1,100  yards  apart,  measured  from  edge  to  edge.  The 
lower  half  of  the  cliff  at  the  head  is  composed  of  two  successive 
precipices,  which  descend  almost  vertically  to  the  water's  edge  and 
correspond  to  massive  rock-beds.  There  is  only  a  small  talus  slope 
as  the  foot,  and  above  the  main  precipices  the  cliff  is  composed  of  the 
straight  edges  of  many  thinner  beds  of  sandstone,  which  form  a  series 
of  small  scars  and  ledges  on  which  rest  small  grassy  talus  slopes. 
The  total  height,  of  this  cliff  in  one  place  amounts  to  1,288  feet  in 
a  horizontal  distance  of  400  yards,  giving  a  mean  slope  of  46^^ 
(Oeol.  Surv.  Mem.,  p.  6).  To  anyone  standing  at  the  month  of  the 
corrie  and  looking  west  the  cliffs  appear  nearly  perpendicular,  and 


-^^^ 


lr0 


Jotceit  moraine. 


SeaU  :  4.  inehet  to  1  mile. 


2S86' 


Fio.  6. — Sketch-map  of  Coumshingaun  and  Lake. 


the  beds,  whose  truncated  edges  form  them,  are  seen  to  have  a  slight 
dip  to  the  south.  The  north  and  south  sides  of  the  corrie  are  only 
precipitous  in  their  middle  or  upper  parts,  all  their  lower  half  being 
covered  with  steeply  inclined  grassy  screes.  The  spur  on  the 
southern  side  is  prolonged  eastwards  as  a  narrow  ridge  with 
regularly  sloping  sides,  and  has  the  typical  appearance  of  a  valley- 
side  plastered  with  lateral  moraine.  The  northern  spur  is  shorter 
and  rounded  more  abruptly,  and  the  solid  rock  crops  oat  in  many 
places  on  its  surface. 

The  level  of  the  lake  itself  is  1,254  feet  above  the  sea,  and  a  amall 
clear  stream  issues  from  its  southern  corner  close  under  the  southem 
spur  and  finally  joins  the  River  Ire  after  a  course  of  about  two  miles. 
The  lake  is  of  an  elongated  oval  shape,  with  its  longer  axis  mnniDg 
the  length  of  the  corrie  and  measuring  about  760  yards ;  its  breadth 
naar  the  middle  is  about  dOO  yards,  and  it  practically  coTert  the 
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whole  floor  of  the  oorrie  from  one  preoipioe  to  the  other  with  no 
leTol  ground  ronnd  its  edges.  The  eastern  end  of  the  lake  is 
obviously  shallow,  but  ]ooal  report  credits  the  middle  with  being  of 
great  or  even  unfathomable  depth.  No  accurate  soundings  are, 
however,  on  record,  so  far  as  I  know. 

The  existence  of  mondnic  dams  across  the  mouth  of  the  owm  is 
strikingly  apparent  to  any  casual  observer,  and  on  ascending  from 
the  level  of  the  high  road  up  to  the  lake  three  distinct  transverse 
moraines  may  be  recognised.  The  lowest  has  a  steep  but  irregular 
face,  and  its  surface  forms  a  more  or  less  level  broad  shelf,  across 
which  meander  many  small  streams.  Huge  angular  masses  of  rook 
and  more  or  less  rounded  boulders  are  scattered  over  it,  and  sevend 
examples  of  perched  blocks — all  of  red  sandstone  or  conglomerate— - 
are  noticeable.  At  a  level  of  about  800  feet  there  is  another  and 
well-marked  step  in  the  slope,  which  indicates  that  we  have  reached 
the  face  of  the  second  moraine.  The  face  is  steep  and  rough,  and 
many  springs  issue  from  its  foot  or  at  various  levels  on  the  slope. 
We  then  cross  its  somewhat  irregular  surface,  which  is  of  less  width 
than  the  lower  one,  and  as  we  draw  near  the  lake  meet  with  a  series 
of  large  and  overlapping  mounds  of  morainic  material  and  irregularly 
distributed  large  boulders,  which  form  the  final  barrier  and  dam 
to  the  waters  of  the  lake.  The  maximum  height  of  these  mounds 
is  about  100  feet  above  the  level  of  the  water.  The  stream 
which  issues  from  the  lake  runs  between  them  near  the  southern 
spur  of  the  mountain,  and  expands  into  several  small  pools  before 
descending  the  steeper  slopes  of  the  moraines  or  soaking  through 
them  to  reappear  as  springs  at  a  lower  level.  Its  course  at  first 
is  certainly  not  over  solid  rock,  and  it  is  clear  that  the  mouth  of  the 
corrie  is  at  any  rate  to  a  large  extent  filled  up  with  drift.  Its 
resemblance  to  a  '  hanging  valley '  is  well  seen  from  the  opposite 
slopes  of  Croghaun  Hill  (PI.  XIII,  Fig.  2). 

South  of  Coumshingaun  there  is  another  large  corrie  in  the  face  ot 
the  escarpment  looking  east  and  measuring  about  850  yards  in  depth 
and  600  in  width.  Though  possessing  less  striking  surroundings 
than  Ck)nm8hingaun  and  devoid  of  a  lake  on  its  floor  it  is  essentially 
of  the  same  character,  and  the  mouth  is  similarly  blocked  with 
transverse  moraines.  The  floor  of  it  is  almost  entirely  occupied 
with  extensive  screes  which  slope  down  from  the  cliflfs  around  it  and 
may  have  filled  up  a  pre-existing  lake.  A  stream  issues  from  this 
oorrie  and  flows  in  a  south-easterly  direction  to  join  the  River  Mahon 
after  a  course  of  about  4  miles.  There  is  no  other  definite  corrie  in 
this  escarpment,  but  about  2^  miles  to  the  west  of  it  on  the  southern 
slopes  of  the  mountains,  and  only  separated  from  the  great  oorrie  of 
the  Stilloges  in  the  Nier  Valley  by  a  narrow  ridge  300  yards  wide 
And  just  2.850  feet  high,  there  is  a  wide  shallow  amphitheatre  formed 
by  a  gently  curved  line  of  cliffs,  about  750  yards  long,  beneath 
which  lie  two  small  lakelets,  from  which  issues  the  Coum  Tay  stream 
Joining  the  River  Tay  below. 

We  may  now  turn  to  the  Nier  Valley,  which  possesses  some 
striking  elongated  corries  or  rather  precipitously  walled  han^ui^ 
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valleyB  on  its  south  side.  Standing  on  the  Gkp  in  the  Oomeragh 
Bange  between  Enockanaffrin  and  Ooumgorra,  we  look  westwards 
down  the  Nier  Valley  and  note  that  the  Grap  is  in  reality  a  low  ool 
at  the  head  of  the  River  Nier.  On  our  left  we  observe  several  deep 
tributary  valleys  entering  the  main  valley  from  the  south,  and  their 
generally  bare  oraggy  sides  and  hanging  mouths  attraot  attention. 
The  head-stream  of  the  River  Nier  issues  from  suoh  a  valley 
immediately  on  our  left,  and  this  valley  starts  behind  Coumgorra 
and  has  its  mouth  spanned  by  sucoessive  banks  and  mounds  of 
coarse  morainio  material.  It  lies  at  a  considerable  height  above  the 
thalweg  of  the  Nier  Valley  itself,  as  in  the  case  of  a  typical  hanging 
valley,  and  its  sides  are  rocky  and  precipitous  in  places  and  glaciated 
close  to  the  present  stream  (see  Qeol.  Surv.  Mem.,  Sheets  167,  168, 
eta,  p.  80),  which  has  cut  a  small  gorge  at  the  head  of  the  valley  in 
its  descent  from  the  summits  above,  which  rise  to  a  height  of  nearly 
2,500  feet. 

A  long  narrow  spur,  only  about  250  yards  wide,  separates  this 
interesting  glen  from  the  large  amphitheatre  containing  the 
Comeragh  Loughs,  This  elongated  amphitheatre  or  short  hanging 
valley  appears  to  be  a  composite  corrie  like  Coumgorra,  and  its  wide 
mouth  (measuring  nearly  three-quarters  of  a  mile  across)  faces 
nearly  due  west  Its  depth  is  only  about  700  yards,  and  its  sides 
are  precipitous,  the  lofty  cliffs  reaching  a  height  of  over  700  feet. 
The  mouth  of  this  corrie  is  blocked  in  the  usual  manner  by  glacial 
mounds,  and  the  two  lakes  which  it  contains  are  separated  also  by 
heaps  of  morainic  material.  The  inner  lake,  which  measures  about 
200  yards  across,  lies  at  an  elevation  of  1,650  feet,  and  the  outer  and 
lower  one,  which  is  of  rather  smaller  size,  at  1,537  feet.  The  stream 
which  flows  out  of  the  inner  one  is  joined  by  one  from  the  lower 
one  and  then  runs  down  to  the  Nier.  No  clear  evidence  of  the 
existence  of  a  true  rock-basin  is  at  present  available. 

The  immense  corrie  or  short  rocky  valley  named  Coum$tiUoge, 
which  holds  the  Stilloge  lakes  at  a  level  of  about  1,700  feet  above 
sea-level,  is  the  next  one  down  the  Nier.  It  faces  the  north-west, 
with  a  mouth  nearly  a  mile  wide,  and  with  a  depth  of  just  over 
a  mile.  It  appears  to  be  formed  by  the  confluence  of  three  simple 
oorries,  two  of  which  seem  to  have  become  merged  to  compose  the 
broad  amphitheatre  at  its  head  which  holds  on  the  east  side  Loughs 
Coumstillogemore  and  Coumstillogebeg,  which  are  in  dose  proximity 
to  each  other  and  lie  in  line  along  the  stream  which  runs  down  to 
the  main  valley.  To  the  west  of  these  tarns  there  lie  in  the  smaller 
corrie  of  the  head-pair  three  small  unnamed  tarns  without  any 
surface-outflow.  The  mass  of  Coumfea  Mountain,  2,840  feet  high, 
projects  into  the  south-western  side  of  the  composite  corrie  and 
overhangs  the  third  or  lateral  constituent  corrie  which  holds  Lough 
Couma  beneath  precipitous  cliffs  about  600  feet  high.  This  tarn 
has  also  no  visible  outlet 

The  minute  features  of  this  Stilloge  Valley  and  its  group  o£ 
lakelets  have  not  yet  been  thoroughly  examined,  but  it  appears  that 
glacial  dams  and  mounds  have  led  to  the  formation  of  the  lakdetfl^ 
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and  in  general  features  of  oroBS-section,  hanging  mouth,  and  pre* 
dpitous  walls  it  resembles  Coumgorra  and  the  other  oorries. 

The  difference  between  the  north  and  south  sides  of  the  Nier 
Valley  is  striking,  for  corries  or  lateral  valleys  of  the  type  described 
are  conspicuously  absent  on  the  northern  flanks. 

Origin  of  the  Corriea. 

In  striving  to  find  an  explanation  of  the  origin  of  these  corries 
and  lakes  in  the  Comeragh  Mountains  we  are  met  at  the  outset  by 
the  still  unfinished  controversy  as  to  the  method  of  formation  of  all 
oorries  and  rock-basins.  There  are  current  the  theories  of  glacial 
erosion,  subaerial  erosion,  marine  erosion,  and  tectonic  movements. 

Thoroughgoing  glacialists,  like  the  Bev.  Maxwell  Close,^  have 
ascribed  the  carving  out  of  the  Irish  corries  themselves,  as  well  as 
the  hollowing  out  of  their  floor,  to  the  unaided  action  of  ice.  Others 
believe  that  the  main  or  preliminary  processes  in  their  formation 
were  effected  by  the  ordinary  subaerial  agencies,  and  consider  that 
ioe  has  only  played  a  subordinate  part,  superinducing  certain  peculiar 
features  by  which  we  can  distinguish  true  cirques  from  the  funnel- 
like  heads  of  ordinary  valleys  of  erosion.'  Others  maintain  that 
typical  cirques  occur  even  in  mountain  regions  which  we  have  no 
reason  to  believe  were  ever  glaciated,'  and  that  the  origin  of  the 
oorrie  was  to  a  large  extent  independent  of  and  prior  to  the 
formation  of  the  hollow  holding  the  lake,  whether  the  latter  lies  in 
a  rock-basin  or  a  barrier- basin. 

Kinahan  *  has  urged  the  primary  importance  of  faults,  joints,  and 
local  dislocations  of  the  strata  producing  lines  of  weakness  along 
which  marine  erosion  has  acted  ;  and  he  compares  the  cwms  to  the 
*  oooses '  on  the  Galway  coast,  the  shape  of  which  has  been 
determined  by  the  intersection  of  various  small  faults. 

Finally,  tectonic  movements,  causing  local  subsidences,  have  been 
considered  sufficient  to  account  for  their  features,  which  indeed  recall 
those  of  calderas '  and  of  the  breached  craters  of  Auvergne.* 

The  most  acceptable  theory  seems  to  be  that  of  a  modified  head  of 
a  valley  of  erosion.  The  head  of  an  upland  glen,  be  it  short  or  long, 
tends  to  have  a  half  funnel  shape,  owing  to  the  convergence  to 
a  central  point  of  the  various  streams  descending  its  slopes ;  and, 
given  certain  favourable  conditions,^  such  a  valley  head  may  be 
converted  into  a  true  cirque.  One  of  these  conditions  is  the  moderate 
horizontality  of  the  strata  over  which  the  streams  fall.  Another  is 
that  the  rocks  must  be  of  such  a  nature  as  to  allow  the  formation 
of  cliffs,  and  for  this  purpose  well-jointed  bedded  limestones  or 
sandstones  of  considerable  toughness  and  durability  are  especially 

1  Maxwell  Close:  Journ.  Roy.  Geol.  Soc.  Ireland,  vol.  11  (1871),  p.  236. 
s  Richthofen:  *<  Fiihrer  fiirForschmigreisende,"  1886,  pp.  255-269. 
>  James  Geikle:  *'  Great  Ice  Age,''  3rd  ed.,  1894,  p.  236. 

*  Kinahan :  '*  Yallep  and  their  delations  to  Fissures,  etc.,"  p.  126  ;  London,  1875. 

*  Bichthofen:  op.  cit.,  p.  255. 

*  Howorth :  •*  Ice  and  Water,"  toI.  1  (1905),  p.  536. 

1  Bonney:    Quart.  Journ.  Geol.  Soc,  vol.  xxrii  (1871),  pp.  312-324;   ihid., 
Tol.  zdx  (1873),  pp.  382-398. 
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suitable.     Major  lines  of  weakness,  such  as  fiuilte,  will  also  be 
fiftTOurable  for  the  deTelopment  of  cliffs. 

It  is  probable  also  that  in  the  first  instance  some  suitable 
oonfignration  of  the  ground  at  the  head  of  the  glen  must  have 
existed,  such  as  the  presence  of  a  bare  rook-faoe,  more  or  less 
Tertioal,  which  may  have  been  caused  by  a  landslip  due  to  the 
bursting  out  of  springs  at  or  near  the  base  of  a  steep  terminal  slope. 
A  cliff  under  the  above-mentioned  conditions  would  tend  to  be 
preserved,  and  by  eating  its  way  backwards  into  the  slope  would 
increase  in  height  and  extent  under  the  action  of  weathering, 
particularly  of  frost,  as  is  the  case  in  Norway.  The  aspect  of  such 
a  cliff  with  respect  to  the  four  quarters  of  the  compass  would  have 
also  some  effect  in  determining  its  preservation  and  growth ;  and 
the  fact  that  the  majority  of  corries  face  north  or  north-east, 
and  are  rare  on  the  other  slopes  of  mountains  and  on  escarp- 
ments  facing  in  other  directions,  has  been  noticed  throughout 
Europe.^  Their  position  has  sheltei-ed  them  from  the  moisture-laden 
winds  from  the  south-west  and  from  the  consequent  rapid  denudation 
which  takes  place  under  their  influence.  If  ice  and  snow  have, 
moreover,  played  a  considerable  part  in  the  development  of  the 
peculiar  characters  of  corries,  it  is  on  the  northern  sides  of  mountains 
that  ice  and  snow  would  linger  longest. 

If  we  regard  cirques  to  be  of  the  nature  of  valley-heads  formed 
under  special  conditions  we  have  not  even  then  surmounted  all  the 
difficulties  connected  with  them.  For  we  still  have  to  explain  their 
shortness  in  proportion  to  their  width,  their  flat  or  excavated  floors* 
their  U-shaped  cross-section,  their  frequent  horse-shoe  shape,  and 
their  occurrence  as  niches  or  recesses  high  up  on  the  lateral  flanks  of 
main  valleys  or  on  escarpments,  with  their  floors  nearly  level  or 
even  hollowed  out,  and  the  ground  from  their  mouths  sloping  down 
steeply  to  the  base  of  the  mountain-side.  The  problem  is  of  the 
same  essential  character  as  that  of  '  hanging  valleys,'  and  some 
geologists  regard  them  as  merely  hanging  valleys  of  a  special  type 
and  with  a  special  history.  Their  niche-like  position  has  been 
accounted  for  by  supposing  the  main  valley  to  have  been  widened 
and  over-deepened  by  ice  or  water,  while  erosion  in  the  lateral 
valleys  was  checked.  It  has  been  contended  by  Professor  Davis 
that  the  glacier  of  the  main  valley  has  ground  out  its  channel, 
deepening  it  and  widening  it  at  the  expense  of  the  lower  parts  of 
the  lateral  valley,  which  were  occupied  by  small  glaciers  joining 
the  main  glacier  at  the  level  to  which  its  mass  rose  against  the 
lateral  slopes.  The  main  ice-stream  in  this  way  passed  transversely 
across  the  lower  ends  of  these  tributary  valleys,  planing  them 
down  and  truncating  them  abruptly.  The  corries  in  Skye  have 
been  thus  explained,^  and  the  hanging  valleys  of  the  Rhone.  Bat 
this  theory  meets  with  much  opposition.  In  the  case  of  the  Alps 
a  general  post-glacial  or  inter-glacial  uplift  has  been  suggested, 
when  the  main  valleys   would  tend  to  be  rapidly  excavated  by 

»  Penck:  Morphol.  d.  Erdoberfl.,  ii  (1894),  p.  3lD. 

3  Barker:  Trans.  Boy.  Soc.  Edinb.,  toL  xl,  pt.  2  (1901),  pp.  221-252. 
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torrential  riyers  arisiDg  from  the  rapid  melting  of  the  ice  and 
snow,  bat  the  glaciers  in  the  npper  parts  of  the  side  valleys  would 
still  persist  and  protect  their  beds  from  erosion.^  The  result  in 
either  case  would  be  the  same ;  the  heads  of  the  lateral  valleys 
wonld  be  left  hung  up  above  the  main  thalweg  when  the  period 
of  excessive  erosion  was  ended.  Such  may  have  heen  the  first  stage 
in  the  evolution  of  the  Comeragh  oorries.  Any  new  descent  of  the 
snow-line  on  the  return  of  colder  conditions  would  cause  the 
lateral  glaciers  to  advance  and  lead  to  the  accumulation  of  mounds 
or  dams  of  glacial  d6bris  in  or  beyond  the  mouths  of  the  lateral 
'hanging  valleys.' 

It  is  not  without  significance  that  the  vertical  distribution  of  hanging 
▼alleys  along  the  sides  of  a  main  valley  has  in  certain  instances  been 
foond  to  bear  a  definite  relation  to  the  thalweg.  Similarly,  in  many 
districts  oorries  have  been  observed  to  possess  a  certain  uniformity 
of  level ;  but  this  is  held  by  some  geologists  to  indicate  a  former 
tnow-line.  Successive  tiers  of  oorries  in  belts  (which  are  not 
nnknown  in  some  regions)  are  accordingly  regarded  as  marking 
successive  stages  in  the  retreat  of  the  suow-line.* 

In  the  Oomeraghs  there  is  only  one  belt  or  zone  of  oorries  recog- 
nisable, and  this  lies  between  the  contour-lines  of  1,250  and  1,500 
feet.  Carvill  Lewis  (op.  cit)  noticed  that  these  mountains  were 
glaciated  up  to  a  height  of  about  1,000  feet,  and  we  may  perhaps 
imagine  the  mountain-mass  above  this  level  to  have  stood  up  as 
a  nnnatakkr  above  the  great  ice-sheet  during  the  period  of  maximum 
glaciation.'  A  lobe  of  the  ice  may  have  forced  its  way  over  the 
low  col  by  Coumgorra  and  descended  the  Nier  Valley.  The  heads 
of  the  lateral  valleys  which  were  not  invaded  by  the  ice  would  be 
modified  during  this  period  by  the  action  of  frost ;  their  rocky  sides 
would  be  splintered  into  oliflfs,  helped  by  the  bedding,  lie,  vertical 
divisional  planes  and  character  of  the  rocks. 

When  the  maximum  cold  and  the  ice  which  swathed  the  lower 
hill-slopes  departed,  these  rock-walled  niches  were  found  left  as  the 
sole  representatives  of  the  former  lateral  valleys.  Some  were  short 
aud  wide,  others  were  long  and  complex,  their  size  and  shape 
having  been  determined  by  the  various  local  conditions  which 
affected  the  flow,  pressure,  and  height  of  the  ice-stream  which 
crossed  their  mouths.  On  the  return  of  the  cold,  though  in  a  less 
severe  form,  an  ice-cap  probably  formed  on  the  mountains  *'  and  sent 
tongues  down  into  the  incipient  oorries  on  its  flanks.  The  corrie- 
glaoters  thus  originating  would  produce  the  modifications  in  the 
already  formed  hanging  valley-heads  which  were  needed  to  convert 
them  into  true  cirques.  The  U-shaped  cross-section  which  we  notice 
in  them  is  characteristic  of  glaciated  valleys.  The  frequent  widening 
towards  their  head,  though  begun  before  the  formation  of  the 
•corrie-glaciers,  was  increased  by  the  scouring  out  of  the  accumulated 

»  Boniiey:  Q.J.G.S.,  toI.  Iviii  (1902),  pp.  590-701.   Garwood:  id.,  pp.  703-714. 

'  Penck:  op.  cit.,  pp.  307-309  and  references. 

3  Maxwell  Close:  Joum.  Roy.  Geol.  Soc.  Ireland,  vol.  i  (1867),  p.  228. 

«  Hull:  Phys.  Geol.  Geogr.  Ireland,  1878,  pp.  103,  263. 
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sorees  against  their  cliffs  and  of  the  debris  on  their  floor.  Ice-falls 
from  the  edge  of  the  ice*cap  woald  assist  the  radial  recession  of 
the  cliffs  at  the  head,  and  tend  to  develop  a  horse-shoe  shape  to  the 
corrie.  A  concentration  of  the  erosive  energy  of  the  glacier  mast 
be  produced  at  some  central  point  in  the  floor,  and,  in  the  opinion  of 
many  geologists,  its  effects  would  be  apparent  by  the  excavation 
of  a  rock- basin.  Even  Einahan  (op.  cit,  p.  131)  admitted  that  ice 
could  thus  enlarge  and  deepen  a  corrie.  But  the  controversy  as  to 
the  power  of  a  glacier  to  scoop  out  a  basin  in  solid  rock  is  still  raging, 
though  no  other  agent  capable  of  producing  hollows,  such  as  those  in 
which  the  Snowdon  lakes  lie,^  has  been  discovered,  and  apart  from 
ice-erosion  we  have  to  imagine  special  local  subsidence.  The  fact 
that  infra-glacial  corrosion  does  take  place  under  certain  conditions 
in  modern  glaciers  during  their  advance  seems  now  indisputably 
established.  But  in  the  case  of  the  Comeragh  lakes  it  has  not  been 
definitely  proved  that  any  of  them  lie  in  true  rock-basins,  and  in  all 
which  1  have  examined  the  morainic  dams  which  stretch  across  the 
mouths  of  the  corries  seem  sufficient  to  account  for  their  existence. 
Detailed  soundings  are,  however,  not  available  at  present,  and  we 
must  not  forget  Marr*s '  warning  as  to  the  inoouolusiveness  of  the 
evidence  furnished  by  the  nature  of  the  surface  over  which  the 
stream  flows  as  it  issues  from  the  lake.  The  glacier  occupying  the 
corrie  could  scarcely  fail  to  scour  out  and  remove  all  the  abundant 
debris  in  the  shape  of  screes  and  loose  material  strewn  on  the  floor^ 
and  would  deposit  them  outside  in  successive  heaps  and  dams  of 
moraine.  Stages  and  halts  in  the  dwindling  away  of  the  glaciers 
and  in  the  retreat  of  the  snow-line  while  glacial  conditions  passed 
away  are  marked  by  the  remains  of  such  dams ;  and  their  present 
preservation  is  due  to  the  weakness  of  the  erosive  power  of  the 
streams  issuing  from  the  corries  or  draining  off  the  overflow  of  the 
lakes  held  up  by  them.  The  frost  and  snow  of  every  winter  splits 
off  fragments  from  the  unprotected  face  of  the  cliffs,  and  the  jointing 
of  the  rocks  tends  to  preserve  their  vertical  character,  while  the 
growth  of  scree  material  at  their  foot  is  an  index  of  their  waste  since 
the  glacier  departed. 

EXPLANATION  OF  PLATE  XIII.» 

Fio.  1. — Mouth  of  Coumshingaun  f Comeragh  Mountains)  from  surfiioe  of  lowest 
moraines,  showing  steep  lace  of  middle  morainic  dam. 

Fio.  2. — Coumshingaun  (Comeragn  Mountains)  from  Croghaun  Hill,  showing  th« 
lower  morainic  slope  strewn  with  boulders,  and  the  Bteep-&oed  middla 
dam  bearing  irregular  morainic  mounds  near  edge  of  lake.  CroitT's 
Bock  on  skyline  near  right  margin  of  view. 

Fio.  3. — Coumgorra  (Comeragh  Mountains),  showing  mouth  of  inner  corrie,  from 
top  of  lowest  shelf  of  moraine.    Outer  amphitheatre  on  right  of  yiew. 

>  Jehu:  Trans.  Roy.  Soc.  Edinb.,  vol.  xl,  pt.  2,  No.  20  (1902),  pp.  419-467 
and  rcffirfiiiccs 

»  Marr :  Q.J.G.S.,  vol.  U  (1895),  p.  36 ;  ibid.,  vol.  lii  (1896),  p.  12. 

'  [This  Plate  appeared  in  the  April  Number  with  the  first  part  of  Mr.  Cowper 
Eeeas  paper. — Edit.  Geol.  Mao.] 
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L — QxoLOOiOAL  SuBYST  ov  Canada.  Bj  Bobbbt  Bell,  M.D., 
F.R.S.,  etc.,  Aotiog  Director.  Rspobt  on  the  Klondike  Qold- 
FIBLD8.  By  R.  G.  MoConnbll,  B.A.  Part  B  of  Annual  Report, 
ToL  xiv.     8vo.     Ottawa,  1905. 

rpHIS  report  is  based  on  field-work  carried  on  during  the  season 
X     of  1903,  and  completes  a  preliminary  report  published  in  1900. 

The  existence  of  gold  on  the  Yukon  has  been  known  since  1869, 
first  in  Alaskan,  afterwards  in  Canadian  territory.  The  Klondike 
district  came  into  notice  in  connection  with  gold- mining  in  the  year 
1894.  The  goldfields  have  an  area  of  about  800  square  miles,  and 
are  situated  east  of  the  Yukon  River  in  latitude  60^  North.  The 
streams  flowing  through  the  area  are  all  gold-bearing  to  some 
extent,  but  only  a  limited  number  have  proved  remunerative.  The 
Klondike  and  Indian  Rivers,  bordering  the  district  on  the  north  and 
south  respectively,  are  comparatively  small  streams;  both  drain 
into  the  Yukon.  The  smaller  streams  and  creeks  draining  the 
interior  of  the  district  are  the  sources  of  the  gold. 

The  geological  features  of  the  country  may  be  summarized  as 
follows : — The  rocks  have  a  wide  range  in  age,  and  present  great 
variations  in  structure  and  composition,  owing  to  igneous  intrusions 
Bt  different  periods  and  enormous  pressure  from  earth-movements. 
The  oldest  and  most  important  formations  consist  of  ancient  schists, 
partly  of  clastic,  partly  of  igneous  origin. 

The  schists  are  divided  into  three  series,  viz.,  the  Nasina  Series 
(clastic),  the  Klondike  Series,  and  the  Moosehide  Series  (diabase). 
The  unaltered  sedimentary  rocks  belong  to  Early  Tertiary  (Renai  ?) 
and  Late  Tertiary  (Flat-creek  Beds).  The  massive  igneous  rocks 
comprise  granite,  diabase,  andesites,  quartz  porphyries,  and  serpentine. 
These  rocks  are  fully  described  in  the  report. 

A  description  of  the  gold-producing  creeks  with  illustrative 
sections  is  given,  showing  the  position  of  the  auriferous  gravels  and 
their  relations  to  the  underlying  *  Klondike  schists.'  The  methods 
used  for  extracting  the  gold  are  either  by  sinking  and  drifting  or  by 
open-cut  work.  The  gravels,  being  everywhere  frozen,  require  to  be 
thawed  before  they  can  be  extracted,  and  this  is  done,  except  in 
remote  districts,  by  means  of  steam  thawers  or  by  pumps.  The 
gold  production  of  the  Yukon  territory  since  the  discovery  of  the 
Klondike  goldfields  in  1896  is  estimated  by  the  Geological  Survey 
at  over  96,000,000  dollars  (1896-1903).  Nearly  the  whole  of  this 
immense  amount  was  obtained  from  the  various  Klondike  creeks 
and  benches.^  It  is  stated  that  'placer'  raining  will  undoubtedly 
be  supplemented,  sooner  or  later,  by  hydraulic  mining  on  a  large 
scale. 

This  report  is  well  illustrated  with  views  of  the  workings  and 
with  two  maps  of  the  Klondike  mining  district  on  a  scale  of  two 
statute  miles  to  one  inch.  A.  H.  F. 

^  Benches  represent  fragments  of  older  volley-bottoms  partially  destroyed  by  the 
excavation  of  the  present  valleys. 
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II.  —  Unitkd  States  Geolooioal  Subyst.  Bulletin  No.  268 : 
Series  C,  Systematio  Geology  and  Paladontology.  Charles  D. 
Waloott,  Director.  Mioobnb  Fobamtnifeba  vbox  the  Montebet 
Shale  of  Califobnia:  with  a  few  Speoibs  fbom  the  Tejon 
FoBMATioN.  By  BuFUS  M.  BagGi  Jan.  pp.  1-55,  plates  i-xi. 
8vo.     Washington,  1906. 

THE  Miocene  Foraminifera  described  in  the  above  Bulletin  were 
collected  by  Professor  J.  C.  Branner  from  the  Monterey  Shale 
near  Asnncion  Station,  on  the  Southern  Pacific  Bailway,  in  San 
Luis  Obispo  County,  California. 

The  Monterey  Shale  is  between  2,000  and  2,500  feet  thick  hers, 
and  forms  one  broad  fold  with  many  small  faults.  The  shale 
contains  layers  that  are  more  or  less  sandy  and  even  flinty.  An 
abundance  of  well-preserved  Foraminifera  occur  in  the  softer  parts  of 
the  shale,  the  bulk  of  which  is  made  up  of  diatoms.  The  Monterey 
Shale  rests  in  this  region  upon  sandstones  which  are  referred  to  the 
Chico  Group ;  and  it  is  overlain  by  beds  regarded  by  the  author  as 
of  Pliocene  age,  but  by  Dr.  Fairbanks  as  Upper  Miocene. 

The  result  of  a  study  of  the  fossils  yielded  an  interesting  fauna 
of  sixty-six  species,  including  a  few  varieties,  and  seventeen  genera. 
The  latter  comprise  Bulimina,  Bolivina,  Lagena,  Nodogaria,  Criii^" 
laria,  Uvigerina,  Sagrina,  Qlohigerinay  Orbulina,  Pullenia,  Diseorbinag 
Truncatulina,  Anomalina,  Ptdvinulina,  Botalia,  Nonionina,  and 
Polystomella,  Among  these  it  will  be  noted  that  there  are  no 
arenaceous  genera  and  species,  nor  warm  water  Miliolidss;  that 
there  is  only  one  member  of  the  Nummulitic  group,  but  a  large 
number  of  rotaline  types. 

The  majority  of  the  forms  represented  are  identical  with  such  as 
are  abundant  in  the  North  Atlantic  Ocean  at  the  present  time,  and 
the  author  considers  that  the  conditions  of  oceanic  temperature 
and  depth  at  which  the  California  beds  were  laid  down  are  fairly 
represented  in  that  sea.  The  fossils  were  probably  deposited  in 
waters  the  depth  of  which  was  less  than  500  fathoms. 

The  fauna  as  a  whole  is  remarkably  similar  to  that  of  the  older 
Pliocene  beds  of  Monte  Bartolomeo  (Lake  of  Oanla)  described  by 
JohHun  Egger  in  1895,  a  fact  already  pointed  out  by  Chapman 
(1900)  in  his  report  on  the  California  Foraminifera  (Proa  California 
Acad.  Sci.,  ser.  in,  vol.  i). 

An  interesting  table  is  given  showing  the  limits  of  depth  of 
existing  representatives  of  the  fossil  Foraminifera  found  in  the 
Miocene  of  California.  The  depths  vary  from  shoal  water  to 
upwards  of  3,000  fathoms.  The  habitats  of  some  species  are 
limited  to  special  localities;  others  have  a  worldwide  oceanic 
distribution. 

The  table  is  followed  by  a  list  of  the  described  species, 
systematically  arranged,  after  which  comes  a  bibliography  in 
which  many  well-known  works  are  enumerated;  finally,  the 
descriptions  of  the  species,  and  a  full  index.  A.  H.  F. 
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L— March  7th,  1906.— Sir  Archibald  Geikie,  D.C.L..  So.D.,  SeaR.S., 
President,  in  the  Ohain  The  following  communications  were 
read: — 

1.  **  On  the  oocarrence  of  Limestone  of  the  Lower  Carboniferous 
Series  in  the  Cannock  Chase  portion  of  the  South  Staffordshire  Coal- 
field."     By  George  Marmaduke  Cockin,  F.G.S. 

Silurian  limestone  underlies  the  Coal-measures  in  the  southern 
part  of  the  South  Staffordshire  Coalfield,  and  a  rook,  probably 
similar,  was  found  in  a  borehole  at  No.  2,  Cannock  Chase  Colliery. 
A  shaft  was  sunk  some  30  years  ago,  about  5  miles  north  of  the 
latter  locality,  at  No.  1,  Fair  Oak,  but  was  abandoned,  as  no  work- 
able coal-seam  was  found.  Before  the  undertaking  was  abandoned, 
an  exploration  heading  was  driven  for  44  yards  in  the  direction  of  the 
dip,  and  from  it  heads  along  the  strike  for  150  yards.  In  the  waste- 
heaps,  which  have  remained  undisturbed  since  1875,  a  number  of 
fossils  belonging  to  the  Lower  Carboniferous  Limestone  have 
been  found.  A  fault  must  be  presumed  to  bring  Carboniferous 
Limestone  into  such  a  position  as  to  be  reached  by  the  headings. 
About  1^  miles  north-west  of  Fair  Oak,  rocks  (determined  by 
Mr.  Walcot  Gibson  as  Millstone  Grit)  were  reached  by  a  boring  at 
396  yards.  An  account  of  the  strata  pierced  by  the  Fair  Oak  boring 
is  appended. 

2.  "  Liassic  Dentaliidae."     By  Linsdall  Bichardson,  F.G.S. 

Among  the  fossils  collected  in  the  cuttings  on  the  new  Honey- 
bourne  and  Cheltenham  Bailway  were  many  belonging  to  the  family 
DentaliidsB ;  and  as  the  majority  are  new,  the  author  has  investigated 
the  Liassic  members  of  the  family  contained  in  his  own  collections 
and  in  those  of  numerous  museums.  The  growth  of  the  Scaphopod 
shell  is  effected  by  additions  at  the  anterior  end,  while  the  poBterior 
end  suffers  by  wear  and  absorption.  Tlie  members  of  this  class  are 
essentially  marine,  inhabiting  deep  water,  and  feeding  principally  on 
Foraminifera.  The  word  Dentalium  is  used  in  the  broad  sense,  and 
not  in  the  restricted  sense  of  a  shell  with  strong  longitudinal  costsd. 
Eight  new  species  are  described,  and  eight  species  already  known 
are  discussed. 


n.— March  21st,  1906.  —  Aubrey  Strahan,  M.A.,  F.R.S.,  Vice- 
President,  in  the  Chair.  The  following  communications  were 
read : — 

1.  ''  The  Chalk  and  Drift  in  Moen."    By  the  Rev.  Edwin  Hill» 
M.A.,  F.G.S. 
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In  1899  Professor  Bonney  and  the  writer  poblished  a  paper  on 
Moen  and  Riigen:  the  present  oontribution  oon tains  results  of 
further  studies. 

The  problem  of  Moen  is  to  aooount  for  portions  of  Drift,  isolated, 
and  seemingly  included,  in  olififs  of  Chalk.  It  has  been  generally 
assumed  that  these  portions  occupy  dislocations,  and  that  the  disloca- 
tions were  either  simultaneous  with,  or  subsequent  to,  the  deposition 
of  the  Drift.  But,  in  this  paper,  cases  are  described  where  Drift  is 
seen  to  occupy  cavities  in  dislocations,  which  had  been  water- worn, 
and  consequently  had  been  produced,  before  the  advent  of  the  Drift. 
The  assumption  hitherto  generally  made  is,  therefore,  incorrect: 
the  Cbalk  had  been  disturbed  in  pre-Olacial  times.  A  probable 
assumption  that  there  were  pre-Qlacial  hills  and  cliffs  similar  to 
the  present,  with  similar  clefts  and  furrows  in  the  cliffs,  which 
were  covered  in  Olaoial  times  with  a  mantle  of  Drift  now  in  course 
of  removal  by  denudation,  explains  every  variety  of  Drift  inclusion. 
These  varieties  are  described,  and  proofs  are  given  of  such  an  over- 
lying mantle  of  Drift,  even  now  over  100  feet  thick  on  the  flanks 
of  the  hills,  and  rising  to  their  summits. 

Differences  from  the  Biigen  phenomena  are  noted  and  explained. 
An  apparent  upward  succession  of  Boulder-clay,  shingle-beds,  sand, 
and  scattered  boulders  is  discussed. 

Slopes  of  uniform  inclination  which  rise  from  the  beach,  often 
60  feet  and  more,  to  the  bases  of  the  vertical  cliffs,  appear  to  be 
talus-slopes.  In  reality  they  are  everywhere  solid  Chalk,  with  only 
a  skin  of  ddbris  :  this  suggests  post-Glaoial  changes  in  sea-level. 

Certain  weathered-out  hollows  in  cliff- faces  indicate  a  way  in 
which  isolated  portions  of  Drift  might,  when  denudation  had  com- 
menced, be  long  protected  from  destruction. 

One  instance  of  a  Chalk  boulder  included  in  Drift  emphasises  the 
general  contrast,  not  likeness,  between  Moen  and  Cromer.  The 
position  of  the  Drift  in  Moen  is  similar  to  that  of  the  Boulder-clays 
at  Flamborough  and  along  the  Yorkshire  coast.  Had  the  Yorkshire 
Cbalk  been  dislocated  as  that  at  Swanage  or  Lul worth,  probably  we 
should  have  in  England  similarities  to  Moen. 

The  author,  with  the  Chairman's  approval,  read  the  following 
extract  from  a  letter  which  he  had  received  from  Sir  John  Evans : — 

*'  It  is,  I  do  not  know  how  many,  years  ago  that  I  visited  the  island  of  Moen,  in 
company  with  the  late  Professor  Steenstnip.  The  impression  left  on  my  mind  by  the 
abnormal  contortions  of  the  Drift  was  that  they  mi^ht,  to  a  great  extent,  be  due  to 
the  corrosion  and  erosion  of  the  Chalk  below,  by  the  infiltration  of  water  charsed 
with  carbonic  acid.  The  surface  of  the  Chalk  in  Hertfordshire  is  remarkably 
irregular,  with  deep  indentations  and  nomeroos  pinnacles.  Within  leas  than  100 
Yar&  of  each  other  shafts  may  be  sunk  through  Drift,  and  the  Chalk  in  one  shaft 
maybe  30  or  40  feet  below  the  surface,  and  in  another  only  10  or  15  feet.  In  a  shift 
about  6  feet  in  diameter,  that  I  have  lately  had  sunk  near  Berkhamsted  Common,  tiie 
surface  of  the  Chalk  on  one  side  of  the  shaft  is  about  6  feet  higher  than  it  is  on 
the  other. 

'^On  the  Great  Northern  Railway,  near  Enebworth,  there  are  pipes  eroded  to 
a  ^reat  depth  in  the  Chalk,  which  must  have  been  formed  since  Pleistocene  times, 
in&smuch  as  in  the  travels  let  down  in  the  pipes  there  are  palnoUthic  implementi. 
If  I  remember  rightly,  a  similar  pipe  in  the  YaDey  of  the  Somme,  dted  by  rnfAmv^ 
is  90  feet  deep." 
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2.  "  On  the  BelationB  of  the  Chalk  and  Boulder -olay  near 
Roysion  (Hertfordshire)."  By  Professor  T.  O.  Bonney,  So.D., 
LL.D.,  F.R.S.,  P.Q.S. 

On  the  uplands  south  of  Royston,  Mr.  H.  B.  Woodward,  F.RS., 
has  desoribed  three  seotions/  whioh  in  his  opinion  indicate  that 
a  great  ioe-sheet,  as  it  advanced  from  the  north,  sheared  off  large 
masses  of  Chalk  and  mixed  them  up  with  its  ground-  or  englaoial 
moraine  (the  Chalky  Boulder-clay). 

The  author  points  out  that  this  interpretation  rests  on  an 
hypothesis — namely,  that  the  latter  deposit  is  the  direct  product  of 
land-ioe — which,  as  it  involves  some  serious  difficulties,  cannot  yet 
be  taken  for  granted.  For  instance,  this  clay  in  many  parts  of 
England  contains  chalk  pebbles,  more  or  less  well-rounded,  and 
often  striated.  But  it  is  improbable  that  fragments  of  rock  in 
either  a  ground-  or  an  englacial  moraine  would  be  shaped  into 
ordinary  pebbles ;  and  they  would  be  brought  into  contact  so 
seldom,  and  for  so  brief  a  time,  that  they  would  be  but  little 
scratched.  But  these  chalk  pebbles  resemble  those  formed  by 
water,  either  in  a  river-bed  or  (more  probably)  on  a  sea-beach. 
How,  in  the  latter  case,  they  could  be  striated  Colonel  H.  W.  Feilden 
showed  twenty-eight  years  ago. 

That  ice  is  capable  of  shearing  off  and  thrusting  before  it  large 
masses  of  rock,  is  also  an  hypothesis,  for  which  the  author,  after 
doing  his  best  to  study  ice-work  in  the  field,  can  find  no  valid 
evidence.  He  maintains  that  these  sections  do  not  suggest  the 
above  explanation.  Passing  over  that  '*  north  of  Reed  "  as  un- 
important, we  come  to  the  Pinner's  Cross  Pit.  Here  the  Boulder- 
clay  is  not,  strictly  speaking,  *  banked  up '  against  the  Chalk, 
as  stated  by  Mr.  Woodward,  but  occupies  a  hollow  in  the  Chalk,  as 
described  by  the  late  Mr.  Penning.  The  Chalk  has  a  fairly  high 
dip,  but  there  is  little  other  sign  of  mechanical  disturbance.  In  the 
pit  south-west  of  Newsell's  Park,  a  shear-plane  can  indeed  be  seen 
in  one  face,  which,  however,  is  explicable  by  ordinary  faulting ;  and 
on  the  same  face  there  are  (or  were)  some  small  clayey  patches. 
A  few  yards  farther  to  the  south-east,  Boulder-clay  appears  above 
the  floor  of  the  pit,  filling  an  arched  cavity.  This  is,  no  doubt, 
a  singular  position,  but  there  is  nothing  to  show  that  the  Chalk  has 
been  thrust  over  the  Clay.  The  author  suggests  that,  as  in  Moen 
and  occasionally  in  Riigen,  the  Clay  has  been  carried  down  from 
above  into  cavities  already  formed  in  the  Chalk,  and  quotes  a  case 
from  the  latter  island  of  a  clay-filled  cavity,  which  was  connected 
with  the  surface  and  might  have  yielded  a  section  like  that  in  the 
above-named  pit.  Penning's  diagram  shows  (probably  nearly  over 
this  spot)  Boulder-clay  resting  upon  the  Chalk.  So  the  author 
maintains  that,  even  if  the  fundamental  hypotheses  be  true,  they 
are  not  applicable  to  these  sections. 

3.  **  Brachiopod  Homoeomorphy :  Pygope,  Anttnomia,  Pygitea.^' 
By  S.  S.  Buckman,  F.O.S. 

»  Quark.  Journ.  Geol.  Soc,  vol.  lix  (1903),  p.  362. 
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This  paper  deals  with  the  diphyoid  Terebratulao,  of  whioh  so 
many  species  have  borne  the  name  Terehratula  diphya  (Colonna). 
It  is  pointed  out  that  this  name  is  pi*e-Linnean,  and  oan  only  date 
from  the  time  when  it  was  revived  by  L.  von  Buoh  in  1884.  Prior 
to  that  several  names  had  been  given  to  these  shells.  The  first  were 
Terebratula  cor  and  T,  pileus  given  by  Brugui^re  in  1792  in  the 
Journal  d*Histoire  Naturelle,  his  paper  in  whioh  has  been  entirely 
overlooked  by  workers  on  these  shells.  Bragai^re*s  names  indicate 
a  perforate  and  an  imperforate  species  respectively.  Consideration 
is  then  given  to  the  synonymy  of  certain  diphyoid  species: — 
T.  triangtiltM,  Valenciennes,  in  Lamarck,  which  was  actually  founded 
on  Bruguiere's  own  figures  of  his  T.  pileus;  T,  iriquetra^  Parkinson, 
which  includes  two  species,  a  perforate  and  an  imperforate  ;  and 
T.  antinomia,  Catullo,  which  covers  various  speoies.  These  and 
others  all  antedate  T.  diphya,  L.  von  Buoh. 

It  is  pointed  out  that  Terebraiida  diphya  is  not  the  type  of 
the  genus  Fygope,  as  all  text-books  say ;  for  Link,  the  author  of  the 
generic  name,  referred  only  to  T,  antinomia,  Catullo.  Reasons  are 
given  for  taking  as  the  type  of  Pygope  one  of  the  forms  of  T,  antinomia 
which  is  considered  to  be  the  same  species  as  T.  ddioidea,  VaL 
Then  the  latter  generic  name  Antinomia,  Oatullo,  is  discussed.  The 
genus  was  founded  on  five  speoies,  and  one  of  them  is  now  selected 
as  the  type — the  genolectotype.  This  is  A.  dilatata,  Catullo,  supposed 
to  be  equivalent  to  Terebrattda  an^tnomta,  Catullo,  that  is,  to  what  is 
now  selected  to  be  the  type  of  that  species.  In  that  case  the  species 
would  bear  the  name  Antinomia  antinomia  (Cat.).  The  two  generic 
names  Pygope  and  Antinomia  are  employed,  because  they  are  supposed 
to  indicate  two  independent  parallel  genetic  series,  whose  members 
dififer  in  size  and  position  of  the  perforation,  and  in  characters  of  the 
lateral  margin.  But  there  is  yet  another  series  of  diphyoids,  typified 
by  Terebratula  diphyoides,  d'Orb.  It  is  pointed  out  that,  although 
the  species  covered  by  the  name  diphyoides  are  very  like  Pygope  a» 
now  used,  yet  they  all  dififer  in  having  particular  characters  in  the 
preperforate  stage — a  dorsal  ridge  and  a  ventral  sulcus.  For  this 
series  de  Haan's  MS.  name  Pygites  is  used  ;  and  it  is  supposed  that 
there  are  three  genetic  series  of  diphyoids  whioh  have  developed 
independently,  and  that  the  remarkable  perforate  form,  with  its  two 
lobes  joined,  has  been  evolved  three  times  over.  A  genetio  plate  is 
given,  figuring  for  comparison  many  of  the  speoies  in  the  three 
series,  showing  their  development  from  the  glossothyridoid,  to  the 
bifidate,  to  the  perforate  (ordinary  T,  diphya)  stage ;  and  that  then 
they  finish  by  losing  all  trace  of  the  perforation,  the  lobes  completely 
coalescing  (the  imperforate  stage),  represented  by  Terebrattda  pileus, 
Brug.=:T.  triangulus,  Yal.  in  Lamarck. 

Synonymies  and  short  notices  of  the  speoies  in  the  three  genera 
have  been  given.  In  compiling  them  there  have  been  found  two 
papers  overlooked  by  Brachiopod  bibliographers — one  by  E.  Newman 
in  the  Zoologist,  naming  T.  Duvali,  and  one  by  Oatullo. 
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I. — ^Th«  Pigmt  HipporoTAMUs  OF  Ctpbua. 

By  DoBOTHXA  M.  A.  Bate. 
<PLATE  XV.) 

r[B  aooompanying  Plate  represents  a  restoration  of  the  skeleton 
of  HimapoiawiiuB  minuiu$,  Blain.,  which  has  lately  been  completed 
in  the  G^logioal  Department  of  the  British  Museum  (Nat  Hist). 
TIm  vertebral  oolnmn  lind  limbs  are  almost  entirely  composed  of 
the  aotnal  bones,  while  the  model  of  the  skull  has  been  built  up 
aooording  to  the  various  parts  obtained  separately.  No  ribs  were 
preserved  in  their  entirety,  neither  were  perfect  specimens  of  the 
soapnlae  or  innominate  bones  procured.  A  large  amount  of  material, 
iiKuadiDg  that  from  which  the  reconstruction  of  this  skeleton  has 
been  made,  was  brought  from  Cyprus  as  the  result  of  excavations 
carried  on  there  by  me  at  different  times  in  1901-2.  The  specimen 
was  moanted  and  the  skull  modelled  with  great  skill  by  Mr.  F.  0. 
Barlow,  Formatore  in  the  British  Museum  (Nat  Hist). 

Ab  already  recorded/  a  number  of  Pleistocene  deposits  containing 
remains  of  this  pigmy  hippopotamus  were  discovered,  five  of  which 
were  situated  in  caves  in  the  sea  cliffs  of  Cape  Pyla,  which  has 
a  coastline  of  about  five  miles.  In  one  of  these,  which  is  known  as 
that  of  Haghios  Saronda,  the  ossiferous  breccia  attains  a  thickness  of 
seven  feet,  while  indications  are  not  wanting  to  suggest  the  belief 
that  originally  it  was  of  even  greater  dimensions.  In  the  other 
oaves  in  the  vicinity  remains  were  present  in  much  smaller  quantities, 
this  being  in  most  oases  evidently  partially  the  result  of  incursions 
of  the  sea  sabsequent  to  their  deposition.  Seven  other  deposits 
ooonr  on  the  sonth  side  of  the  Kerynia  Mountains,  all  within 
a  distanoe  of  a  few  miles,  and  are  situated  in  low  and  insignificant 
oUfb  whioh  lie  parallel  with  the  axis  of  the  range.  Owing  to  the 
Upper  Eooene  formation  overlapping   the  limestone  to  a  greater 

»  Trans.  Eoyal  Soc.  B.,  vol.  197  (1904),  pp.  347-8. 
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extent  on  the  northern  slopes,  this  secondary  oliff-line  is  absent  on 
that  side,  which  may  account  for  the  fact  that  no  osseous  remains 
were  found  or  heard  of  on  the  seaward  aspect  of  these  hills. 

It  has  been  previously  noted  ^  that  several  of  the  deposits  found 
in  the  north  of  the  island  are  now  no  longer  enclosed  in  caves,  the 
walls  and  roofs  of  which  have  partially  or  entirely  disappeared, 
probably  on  account  of  the  very  rapid  atmospheric  erosion  which 
takes  place  in  barren  limestone  districts  in  this  climate.'  In  each 
of  these,  with  one  exception,  there  is  at  least  one  cave-wall  still 
remaining.  The  exception  is  found  in  that  of  Haghios  Chrysostomos, 
below  the  peak  of  Buffa  Yento,  which  is  more  isolated  from  the 
main  mountain  mass  than  any  of  the  others,  and  is  situated  in  an 
irregular  line  of  limestone  rocks  which  crest  a  spur  projecting  into 
the  overlying  formation,  which  is  locally  known  as  the  ''  Hummocks." 
Herr  Alfred  Bergeat,  who  studied  the  geology  of  Cyprus,  mentions, 
in  a  paper  published  in  1891,'  the  mammalian  remains  near  the 
monastery  of  Haghios  Chrysostomos,  which  he  considers  occur,  not 
in  a  cave-deposit,  but  in  a  breccia^  of  large  extent  This  opinion 
was  probably  due  to  the  almost  entire  disappearance  of  the  limestone 
cliff-line  which  formerly  rose  above  the  Eythrsean  formation,  bat 
both  the  presence  of  very  similar  examples  in  the  vicinity,  and 
also  the  stalctgmitic  nature  of  the  deposit,  whieh  was  demonstrated 
during  the  excavations  made  here,  appear  to  leave  no  doubt  as  to 
its  original  deposition  in  a  cavern. 

The  finding  of  the  remains  of  this  the  smallest  of  the  Hippopotami 
proved,  as  Dr.  Forsyth  Major  has  already  pointed  out,*  to  be  the 
re-discovery  of  an  almost  forgotten  species,  first  noticed  by  Cuvier ' 
as  long  ago  as  the  early  part  of  last  century,  though  the  locality 
from  which  it  came  was  not  previously  known.  Although  adding 
to  the  number  of  the  pigmy  Hippopotami  of  the  Mediterranean 
islands,  ff.  minutus  rather  unexpectedly  proves  to  have  apparently 
little  affinity  with  these,  but  to  be  instead  more  closely  allied  to 
the  still  surviving  Liberian  species,  which  has  been  considered  by 
several  authorities,  notably  the  late  Sir  William  Flower,^  to  be 
sufficiently  distinct  to  form  a  separate  genus  (ChcBropsis),  in  which 
the  Cypriote  form  would  now  probably  have  to  be  included,  for, 
as  Dr.  Forsyth  Major  anticipated,^  the  further  material  obtained 
since  the  publication  of  his  paper  has  shown  it  to  be  likewise 
tetraprotodont. 

1  Op.  cit.,  p.  348. 

'  The  same  phenomenon  has  been  foand  to  occur  among  the  Pleistocene  cav« 
deposits  of  Crete.     See  Gbol.  Mao.,  Dec.  V,  Vol.  II,  May,  1905,  pp.  193-202. 

^  **  Zur  Greolo^e  der  Massigen  Gesteine  der  Insel  Cypem  ^ :  Tschermik 
mineralogische  una  PetrooxaphiBche  Mittheilungen,  Band  adi  (1891),  pp.  278-9. 

*  Included  in  the  K)-tnnean  Series  of  Messrs.  Bellamy  &  Jokes-Browne.  See 
**  The  Geology  of  Cyprus,"  W.  Brendon,  Plymouth,  1905. 

*  Geol.  Mao.,  Dec.  IV,  Vol.  IX,  May,  1902,  pp.  198-9,  and  Proc.  Zod.  Soc., 
3rd  June,  1902,  pp.  107-111. 

6  "  Osscments  Fossiles,"  2nd  ed.,  i,  pp.  322-331  (1821). 

'  Proc.  Zool.  Soc,  1887,  p.  612. 

»  Froc.  Zool  Soc.,  3rd  June,  1902,  pp.  107-111. 
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On  comparing  the  mounted  skeleton  of  S".  minuiUB  with  that  of 
H.  liberiensis,^  it  was  found  that  in  height  and  antero-posterior 
length  they  agree  very  olosely :  the  height  at  the  withers  in  each 
case  being  about  2  feet  2f  inches,  and  the  length  of  the  vertebral 
column  (along  the  ventral  curve)  about  4  ft.  6^  ins.  These 
measurements  are,  however,  if  taken  by  themselves,  decidedly 
misleading,  for,  in  spite  of  this  apparent  similarity  in  size,  the 
Cypriote  species  has  a  much  smaller  skull,  must  have  been  longer 
in  the  leg,  and  altogether  the  slighter  animal  of  the  two.  This  is 
especially  remarkable  in  the  bones  of  the  limbs  and  feet,  which, 
when  compared,  are  found  to  be  all  noticeably  very  much  more 
slender  in  J3.  minutus  than  in  the  Liberian  species.  The  same 
diminutiveness  also  obtains  in  the  dentition:  the  antero-posterior 
length  of  the  upper  cheek  teeth  of  one  side,  taken  from  specimens 
in  a  similar  stage  of  wear,  is  in  H.  liberiensis  142  mm.  and  in 
H.  minutus  132  mm.  Three  considerably  worn  molars  in  a  right 
mandibular  ramus  of  the  latter  measure  antero-posteriorly  77  mm., 
while  the  space  occupied  by  the  corresponding,  though  less  abraded, 
teeth  of  H.  liberiensis  is  85  mm.  In  the  molars  from  Cyprus  there 
is  even  less  approach  than  in  those  of  JS.  liberiensis  to  the  trefoil 
pattern  so  characteristic  of  the  worn  teeth  of  the  larger  Hippopotami, 
and  it  may  also  be  mentioned  that  the  upper  canines  of  the  West 
African  species  are  so  deeply  grooved  that  the  surfaces  of  wear 
become  practically  bilobed  in  outline,  whereas  in  those  of  the 
Cypriote  race  they  are  as  indicated  in  Fig.  1,  p.  244.  The  width  of 
the  palate  is,  relatively  speaking,  similar  in  the  two  species. 

Dr.  Forsyth  Major  has  pointed  out*  one  or  two  peculiarities  in 
the  skull  of  J7.  minutuSf  and  we  may  add  that  the  outline  of  its 
anterior  half,  when  viewed  from  above,  is  more  regular  and  uniform 
than  is  the  case  in  that  of  U,  liberiensis,  owing  to  the  maxillsB  being 
less  constricted  and  the  premaxillsB  further  extended  and  more 
olosely  connected  with  the  anterior  portion  of  the  raaxilloe  as  shown 
in  Figs.  2  <&  3,  p.  244,  this  being  especially  noticeable  when  the  two 
skulls  are  seen  side  by  side.  The  comparative  length  of  those  borders 
of  the  maxillsd  which  adjoin  the  nasals  is  considerably  greater  in 
IT.  minutus  than  in  the  recent  pigmy  species.  Another  striking 
difference  is  that  in  the  former  the  upper  surface  of  the  skull 
between  the  orbits  is  slightly  concave,  this  hollowed  appearance 
being  intensified  by  the  projection  of  the  post-orbital  processes  of 
the  frontals,  which  in  a  slight  degree  assume  the  tubular  form 
so  conspicuous  in  H.  amphibiusj  but  which  seems  to  be  altogether 
absent  in  H.  liberiensis. 

Darwin  has  declared '  that  a  luxuriant  vegetation  is  not  necessary 
for  the  maintenance  of  large  species  of  mammals,  but  in  that  case 
undoubtedly  an  extensive  tract  of  country  must  be  available  to 
contribute  to  their  support.  It  is  pretty  generally  supposed  that 
many  of  the  small  forms  found  in  islands  are  the  direct  result  of 

»  Presented  to  the  National  Collection  by  Dr.  Biittikofer  in  1887. 

*  Proc.  Zool.  Soc.,  1902,  pp.  107-111. 

»  "Voyage  of  the  Beagle,'^  12th  ed.,  Ward,  Lock,  &  Co.  (1897),  i?.  ^%,  t\.(t. 
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Fio.  3.— Imperfect  nbnll  of  B.  min«tta,  after  Dr.  C.  I.  Forsyth  Hajor.*    | 
Bedaced  to  0De>tbird  nat.  nzt. 


'  Jauiu.  Acad.  Kat.  Sci.  Philadelphia,  1653,  Bar.  ti,  vol.  ii,  pi.  ui,  fig.  2.      i 
'  Troc.  Zool.  Soe.,  June,  1902,  pi,  i,  fig,  S.  ' 
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isolation  in  a  limited  area  by  the  sea  and  the  conseqnent  shortage 
of  suitable  food.  On  the  other  hand,  pigmy  species  are  not 
necessarily  found  in  a  restricted  island  habitat,  as  proved  at  the 
present  day  by  the  existence  of  H.  {t^ertenstt,  and  perhaps 
Prjevalsky's  Horse  might  also  be  cited  as  an  example  of  this. 
However,  in  both  these  it  seems  most  probable  that  their  diminutive 
size  is  rather  a  primitive  than  a  highly  specialised  characteristic, 
and  it  also  seems  likely  that  the  same  may  be  true  to  a  great  extent 
in  the  case  of  the  Cypriote  Hippopotamus ;  the  isolation  of  this  last 
in  an  island  may  rather  have  oeen  chiefly  the  means  of  preserving 
a  survivor  of  an  earlier  age.  As  already  mentioned,  some  of  the 
primitive  characters,  both  in  the  pattern  of  the  teeth  and  in 
the  structure  of  the  skull  of  this  species,  have  been  noted  by 
Dr.  Forsyth  Major.^ 

To  satisfactorily  account  for  the  extinction  of  the  pigmy 
Hippopotamus  and  Elephant  of  Cyprus  is  a  task  of  extreme 
difficulty,  as  there  seems  to  be  no  evidence  that  either  still  existed 
contemporaneously  with  man,  and,  on  the  other  hand,  in  earlier 
historical  times  the  island  was  famed  and  coveted  by  different 
nations,  chiefly  on  account  of  its  great  fertility  and  the  extent  of 
its  forests.  This  extinction  appears  all  the  more  inexplicable  when 
we  consider  that  it  must  have  taken  place,  comparatively  speaking, 
not  so  very  long  after  the  specialisation  in  size  had  been  accom- 
plished, for,  according  to  Messrs.  Bellamy  and  Jukes-Browne,* 
Cyprus  was  still  connected  with  the  mainland  in  early  Pleistocene 
times,  since  which  period  Elephaa  cyprioteSf  at  all  events,  would 
apparently  have  attained  its  later  minute  proportions.  Torrential 
inundations  and  other  destructive  agencies  have  been  suggested  as 
the  ultimate  reason  for  the  extermination  of  some  of  the  species 
peculiar  to  the  Mediterranean  islands,  and  this  may  be  true  in  some 
instances,  possibly  in  Malta,  but  in  Cyprus  there  seems  to  be  no 
indications  of  the  occurrence  of  such  violent  phenomena  during 
the  Pleistocene  period.  It  is  more  likely  that  some  climatic  change, 
and  its  consequent  alteration  of  the  vegetation,  was  the  indirect 
cause  of  the  disappearance  of  this  pigmy  Hippopotamus,  which, 
belonging  to  an  ancient  and  effete  race,  was  unable  in  a  new 
direction  to  ''undergo  sufficiently  rapid  variation  to  enable  it  to 
avoid  getting  so  far  out  of  harmony  with  its  surroundings  that 
further  existence  became  impossible." ' 

»  Op.  dt. 

*  See  Key  to  Geological  Map  of  Cyprus,  p.  15  (by  the  former^,  London, 
Stanford,  1905  ;  and  these  two  authors  on  the  Oeology  of  Cyprus,  Brenaon  &  Son, 
Plymouth,  1905,  pp.  65-6,  and  fig.  9.  With  reference  to  tms  last,  it  is  interesting 
to  find  that  Bishop  Graziani,  writing  early  in  the  seventeenth  century*  says  of  Cyprus : 
*'  'Tis  thought  she  was  heretofore  a  peninsula  joining  that  siae  of  Asia,  oeing 
separated  by  the  riolence  of  a  flood''  (**The  Sieges  of  Nicosia  and  Famagusta," 
edjted  by  Claude  Delaval  Cobham.  London,  1899). 

'  Dr.  C.  W.  Andrews,  **  Some  Suggestions  on  Extinction  " :  Geol.  Mao.,  Dec.  IV, 
Vol.  X,  January,  1903,  p.  2. 
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II. — Fossil  Eohinoidba  fbok  Sinai  and  Egypt. 

By  J.  W.  Greoobt,  D.Sc.,  F.B.S.,  P.G.S., 
Professor  of  Geology,  Glasgow  UniTersity. 

(PLATE  XI.) 

ifitmeludedfnm  the  May  Number^  p,  227.) 

Order   ATELOSTOMATA. 
Suborder  A8TERNATA. 

FamUy  NUCLEOLITIDiB. 

1.  NuoLEOLiTEs  WALTHKBi  (Gauthier),  1900. 

Behinobi-iitM  waUheri,  Gaathier,  in  Fourtau:   Notes  Fch.  foes.  E'gypte,  Cairo 
(1900),  p.  21,  pi.  L,  figs.  8-10. 

Distribution. — *'  Santonian  "  :  Barak  el  Gazal,  near  Abu  Boash 
(Fourtau).  <<Eooene":  Abu  Boash  distriot  L  1379.  Coll.  H.J.  L. 
Beadnell,  Esq.  A  young  broken  specimen,  east  end  of  the 
Cretaceous  area,  near  Abu  Boash  village.  I  3796.  Coll.  H.  J.  L. 
Beadnell,  Esq. 

2.  NuoLEOLiTBS  DAGLENSI8  (Gauthier),  1889. 

£ehinobrisiut  daglensisy  Gaathier,  1889:  E'ch.  foss.  Sad  Hants-Plateaux  Tunisie, 
p.  41,  pi.  ii,  figs.  24-26. 

Distribution, — Cenomanian,  ''  and  perhaps  also  Lower  Turonian  " : 
Southern  Tunis.  Marls:  lower  half  of  Jebel  el  Araba,  Wadi  el 
Araba,  south-westward  of  Camp  23.  L  4120.  Coll.  by  the  late 
T.  Barron,  Esq.  Jebel  um  Baiyig,  north-eastern  Sinai.  L  3481. 
Collected  by  Dr.  W.  F.  Hume. 

Bimemions  : 

luyneti 
daplmHt  (Gauthier).  (Lartet*s  figure). 

mm.  mm.  mm.  mm.  mm.  mm.  mm. 

Length     ...         19*5  19  ...  13  14  16  19  ...  18 

Breadth    ...        18  17  ...  10  11-5  13  16  ...  15 

Height     ...          9  8  ...          6          7  9  11  ...          9-5 

It  is  necessary  to  compare  this  species  with  If.  luynesi,  Cott.,^  from 
Mt  Hor,  which  differs  by  the  more  undulating  lower  sarfaoe,  and 
the  more  anterior  position  of  the  highest  point  in  the  test. 

3.  NuoLEOLiTES  QiBBOSA  (Perou  &  Gauthier),  1879. 

Eehinohrxsitu gibbotut^  Peron  k  Gauthier:  E'ch.  foes.  Alg&r.,  faso.  5  (1879),  p.  148, 
pi.  X,  figs.  1-4. 

The  collection  includes  three  specimens,  which  agree  most  closely 
with  the  above  species ;  but  they  appear  to  me  to  be  possibly  only 
variations  of  N,  daglensis. 

'  Cotteau,  Fch.  foss.  rccueillis  .  .  .  Lartet  .  .  .  Yoyage  .  .  •  due  de  Lnynes: 
Bull.  Soc.  g6ol.  France,  ser.  u,  vol.  xxW  (1869),  p.  535,  fig.  p«  634.  Lartet: 
Explor.  geoU  Mer  Morte  (1877),  p.  153,  pi.  xiii,  figs.  15-19. 
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Diairihution. — Middle  Cenomanian  :  Algeria  (Boa  Saada).  Cre- 
taoeons  Marls:  lower  half  of  Jebel  el  Araba,  Wadi  el  Araba, 
■onth-west  of  Camp  23.  L  4120.  Collected  by  the  late  T.  Barron, 
Esq.  Jebel  nm  Raiyig,  north-eastern  Sinai.  L  3481.  Collected  by 
Dr.  W.  F.  Hume. 

4.  NuGLEOLiTSS  KBSLEi  (Peron  &  Ganthier),  1881. 

EchinobruMut  nuilei,  Peron  &  Gauthier,  1881 :  ITch.  foes.  Alg^r.,  faac.  7,  p.  157, 
pi.  iri,  figs.  7-12. 

Distrihuiion, — East  end  of  Abu  Boash  Tillage.  I  3791.  Collected 
by  H.  J.  L.  Beadnell,  Esq.  Fragment  from  the  same  locality. 
I  3796.     Collected  by  H.  J.  L.  Beadnell,  Esq. 

This  collection  of  18  specimens  of  a  large  NudeoliUs  includes  two 
types ;  the  common  type  agrees  in  all  respects  with  the  above 
species  except  that  it  is  a  little  lower,  as  shown  by  the  following 
table : — 

DtmensiotiB : 

I  3791.  Average  of 

a.        ^.  e,  the  tbxee.  Jide  P.  &  G. 

mniT  nun.  nun.  nun.  mm.        mm. 

Length  31-5  28-6  31  ...  80-33  ...        31  80 

Wktth 28  25-75  27*5  ...  27'08 

Height  14  14  14-5  ...  1417 

Batio  of  length  to  width     —        —         —  ...  100:89 

Ratio  of  len^h  to  height     —        —         —  ...  100:46*5 

Some  of  the  specimens  (as  number  a  in  the  above  table)  are 
somewhat  longer  and  more  pointed  at  the  posterior  end ;  but  this 
seems  to  rae  due  to  the  fold  on  the  posterior  margin  being  produced 
backward  instead  of  downward. 

Order    STERNATA. 

Family  SPATANGID^. 

Section  FrymnadetiiiaB. 

HEMIASTER,  Desor,  1847. 

1.  Hemiasteb  pskudo-fourneli,  Peron  &  Gauthier,  1878. 

E'ch.  fo88.  Alger.,  fasc.  4  (1878),  p.  113,  pi.  iv,  figs.  5-8. 

Distribution. — Cenomanian  :  Algeria,  Batna,  etc. ;  southern  side  of 
Jebel  Ejjibi,  near  Ain  el  Hudhera,  Sinai.     L  3480.     Collected  by 
Dr.  W.  h\  Hume.     Cephalopod  bed,  head  of  Wadi  Ethal.     L  3918. 
Collected  by  the  late  T.  Barron,  Esq. 
Dimensions : 

Peron  &  Gauthier's 
L  3480.  (figured  specimen). 

Length   ...        31*5mm 33mm. 

Wiath 30*5  mm 31mm. 

Height 22  mm.  23  mm. 

2.  Hemiasteb  fourneli,  Deshayes. 
For  synonymy,  etc.,  see  Fourtau  :  Be  vision,  p.  631. 
Copiosoma  abbatei  beds,  Abu  Boash.     Three  broken  specimens. 
CoUeoted  by  Mr.  BeadneU  (I  3787). 
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8.  HsMiASTBB  BLAVOKEBHOBHi,  Qanthier,  1900. 

In  Fourtau:  Notes  Fch.  foes.  E'gypte,  p.  23,  pi.  i,  figs.  11,  12. 

I  3796  inoludes  one  crushed  speoimen  from  the  eastern  end  of 
the  Cretaoeoas  area,  near  Abu  Roash  village. 

4.  Hemiasteb  afrioanus,  Coqnand,  1862. 

G^ol.  Pal.  S.  FroY.  Constantine :    M^m.  Soc.  Fmul.  ProTenoe,  toI.  ii,  p.  247, 

pi.  XXV,  figs.  10-12. 
CottoEia,  Peron,  k  Oauthier :  IToh.  fose.  Alg^.,  fasc.  6  (1879),  p.  68. 

Diatrthutton, — Turonian  :  Batna,  etc,  Algeria.  Cenoraanian : 
Cephalopod  bed,  head  of  Wadi  Ethal,  Sinai.  L  3918.  Collected  by 
ihe  late  T.  Ban*on,  Esq.;  also  side  of  Jebel  Ejjibi,  near  Ain  el 
Hndhera.     L  3480. 

5.  Hemiasteb  nioatsei,  Coquand,  1862. 

Geol.  Pal.  S.  Prov.  Constantiiie :   M6m.  Soc.  E'mol.  Proyence,  toI.  ii,  p.  326, 
pi.  XXV,  figs.  22,  23. 

Distribution. — Oenomanian  :  Algeria  (Aumale,  Berouaguiah). 
Oenomanian  (?) :  Cephalopod  bed,  head  of  Wadi  Ethal,  Sinai. 
L  3918.     Collected  by  the  late  T.  Barron,  Esq. 

6.  Hemiasteb  ohauyemeti,  Peron  &  Gauthier,  1878. 

E'ch.  foss.  Alg^rie,  fasc.  4,  p.  136,  pi.  viii,  figs.  1-6. 

Distribution, — Cenomanian :  Algeria.  Marls  at  Wadi  Bagga,  Sinai. 
L  4223.     Collected  by  the  late  T.  Barron,  Esq. 

7.  Hemiasteb  saadensis,  Peron  &  Gauthier,  1878. 

E'ch.  foss.  Alg^rie,  fasc.  4,  p.  126,  pi.  vi,  figs.  1-4. 

Distribution, — Cenomanian — Algerian:  Bou  Saada.  Marls  at  Wadi 
Kagga,  Sinai.     L  4223.     Collected  by  the  late  T.  Barron,  Esq. 

8.  Hemiasteb  julliei^i,  Peron  &  Gauthier,  1878. 
E'ch.  foss.  Algerie,  fasc.  4,  p.  124,  pi.  v,  figs.  8-11. 

Distribution, — Cenomanian  (Rhotomagian)  :  Algeria  (Krenohela). 
Marls  at  Wadi  Hagga,  Sinai.  L  4223.  Collected  by  the  late 
T.  Barron,  Esq. 

9.  Hemiasteb  battmensis,  Coqnand,  1862. 

G^ol.  Pal.  S.  Prov.  Constantiiie:    M^m.  Soc.  E'mul.  Provence,  vol.  ii,  p.  248, 

pi.  xxvi,  figs.  6-8. 
Synonymy,  see  Cotteau,  Peron,  &  Gaathier :  Fch.  foss.  Algerie,  fasc.  4  (1878),  p.  118. 

Distribution, — Cenomanian :  Algeria.  Cephalopod  bed,  head  of 
Wadi  Ethal,  Sinai.     L  3918.     Collected  by  the  late  T.  Barron,  Esq. 

LINTHIA,  Mcrian,  1863. 

1.  ?LiNTHiA  B0AGHENSI8  (Gauthier),  1900. 

In  Fourtau :  Notes  E'ch.  foss.  Fgypte,  p.  24,  pi.  i,  figs.  13-16. 
Linthia  roachensis^  Dacqu6,  1903:  Palajontogr.,  vol.  xxx,  p.  867. 
Hemiastei'  lusUanieuSj  de  Loriol,  1883:  ibid.,  vol.  zzx,  p.  39. 
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Three  broken  speoimens,  labelled  "EooeQe,"  Aba  BoaBb  (1 1379), 
are  not  unlikely  to  be  this  species,  but  sand-polishing  has  removed 
all  the  tubercles,  and  they  are  badly  crushed. 

?  I  3796.  Two  specimens,  probably  of  the  same  form,  but  both 
differently  crushed.  The  peripetalous  fascicle  is  distinct,  but  not 
the  lateral :  otherwise  they  might  be  Z.  rooc/teiMts. 

2.  LiMTHiA  OBLONGA  (d'Orbigny),  1854. 

Periaster  oblotigiu,  d'Orbigny,  1854  :  Pal.  fran^.,  Terr.  cr6t.,  vol.  vi,  p.  275,  pi.  900. 
Linthia  oblon^a,  Peron  &  Gauthier,  1880 :  E'ch.  foas.  Algerie,  fane.  G,  p.  79. 
Linthia  oblonga,  Fourtau,  1899:   R6v.  E'ch.  foss.  E'gypte,   M6m.   Inst,   egypt., 

vol.  ill,  fasc.  8,  p.  631. 
Linthia  obUmga,  B.  a,  Newton,  1904 :  L.  obUmga  from  Sinai,  Oeol.  Mao.  (1904), 

pp.  441-445,  PI.  XV. 

The  collection  of  Spatangoids  includes  a  large  series  from  the 
Caphaiopod  bed  in  Wadi  Ethal  (L  3918),  the  determination  of  which 
has  been  the  roost  difficult  problem  in  dealing  with  this  collection. 

I  have  not  adopted  the  easiest  course  in  dealing  with  them,  though 
that,  perhaps,  woi)ld  be  the  right  one.  That  course  would  be  to 
*  lamp '  most  of  them  in  one  species  and  label  it  Linthia  ohlonga 
(Orb.),  and  also  include  therein  Hemiaster  luyneai,  Cott.,  and  some 
Algerian  echinoids  described  as  Hemiaster, 

'Vhe  specimens  from  Wadi  Ethal  show  the  peripetalous  fascicle 
very  clearly  ;  and  in  some  of  them  there  are  obscure  traces  of  the 
lateral  fasciole.  The  latter  specimens  can  he  safely  identified  as 
Z.  ohlonga,  as  has  been  done  by  Mr.  R.  B.  Newton.  But  the 
majority  of  the  specimens  have  no  lateral  fasciole.  In  many  the 
tuberculat^on  is  so  well  preserved  and  the  peripetalous  fasciole  is 
>iO  distinct,  that  tlie  absence  of  the  lateral  fasciole  is  not  due  to 
imperfect  preservation.  If  these  specimens  are  to  be  included  in 
Linthia,  the  diagnosis  of  that  genus  must  be  amended  to  the  effect 
that  the  lateral  fasciole  may  be  absent  from  many  specimens  of  a 
8»pecies.  In  that  case  there  is  no  constant  difference  between  Linthia 
and  Hemiaster. 

Tins  conclusion  may  be  the  right  one,  for  there  is  a  remarkable 
parallelism  between  species  of  Hemiaster  and  of  Linthia,  Thus  the 
Hemiaster  luynesi  and  H.  meslei  and  H  pseudofourneli  may  be  forms 
of  X.  ohlonga  without  a  recognizable  lateral  fasciole.  H.  pseudo- 
fourneli would  be  a  somewhat  thick  variety;  but  the  following 
dimensions  given  by  Newton  show  that  there  is  a  considerable 
variation  in  the  form  of  Z.  ohlonga,  his  second  specimen  being 
decidedly  narrower  in  proportion  to  its  width  than  the  others : 

Dimensions : 


Length 

•  •  • 

31  mm. 

*  •  • 

28  mm. 

•  •  • 

30  mm. 

Width 

•  •  • 

27  mm. 

■  ■  • 

21  mm. 

•  •  • 

27  mm. 

Height 

•  •  ■ 

20  mm. 

•  ■  • 

18  mm. 

•  •  • 

19  mm. 

*  Cotteau,  E'ch.  foss.  voyage  due  de  Luynes:  Bull.  See.  geol.  France,  ser.  ii, 
vol.  xxvi  (1869),  p.  636,  fig.  p.  634.  Better  figures  are  given  by  Lartet:  £xpl)r. 
j^l.  Mer  Morte  (1877),  pi.  xiv. 
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The  relatioDH  of  thoea  Bpecies  of  Btmiiultr  and  Limthia  having 
forma  aimilnr  1o  L.  oblonga  oan  only  be  sAtisfnctorily  (ietennined  by 
a  careriil  study  of  Ibe  Bpecimens  front  tlie  Mediterranean  Cenomanian 
and  Tiironian  eeries.  This  etndy  w(>uld  show  whetbor  the  many 
accepted  epeciee  of  Bemiatter  in  that  ianna  are  mutatjone  or 
individual  Tariatioiifl. 

Biitribution. — Cenomaninn  and  Turoniao  :  Algeria,  PaleBtioe,  near 
Suez,  Ceplinlopod  bed,  head  of  Wadi  Ethal.  L  3918.  Collected 
by  the  late  T.  linnon,  Eaq. 


List  of  Usaozoic  Echikoidb  debckibbd  in  tbb  FOBiootMa  fafsb, 

OITIKa  THEia   DiBTBIBUTIOH   IN  TBB   TAM 


EOTPT. 

SlKAl. 

4'%      -Si  „• 

i 

irm 

Ahu 
RoHsh. 

% 

jij  -  ■-" 

I'l  1 

1 

J-'j! 

i=..;i!= 

n.gp. 

;  1 

Acmthtthinopiit  hvinti,  D.Bp.... 

X 

Cen. 

Mienpfdina  bipalillii,  n.sp.    ... 

x'x 

Cen. 

CVpA«™.aMX,«,-   n.8p!^     ... 

East  end 

X 

'^l 

CaplOMoma  abbalri  (Gauth.)      ... 

E.'cnd. 

With 

ff./™.W.. 

TnroniBn. 

X 

X 

c™. 

X 

Tur. 

J.  farWi  (Cott.)         

Ml.  Hor. 

y  OolrriC«  t!,om«»  (P.  &  O.j  .,. 

::: 

Cen.? 

XiutitMc,  u>ollhtrHGanth.)  ... 

E.  end. 

y.  AigltniU  (Gauth.) 

Jf.  jifo™  (P.  &  0.)    

X 

JJ 

Cen.  &f  Tut. 
Cen. 

N.  malei  (P.  k  0.) 

E.'eDiI. 

x|l 

Sen. 

X 

Cen. 

.ff./mrfwd,  DusU 

E.'iii]d. 

'» 

Will 

C.  aihatn. 

E.end. 

1 

B.  ajriaima,  Coq 

X 

TDioniDD. 

B.nwaiui,Caa 

X 

Cen. 

X 

Cen. 

JI.iu.dain,.  I',  k.  a 

Cen. 

J.jH«i™i,  P.  &  0 

Cen. 

Cen. 

f  liWAia  ™rAm«.  (Gnuth.)  ... 

WitiiA'. 
avhhm. 

Z.  0i&H?n  (Orb.)           

_ 

^ 

Con.  k  Tui. 
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n.   EOCEVE  AVD  MIOCENE. 

Order  ATELOSTOMATA. 

Suborder  ASTERNATA. 

Family  CASSIDULIDiE. 

Subfamily  ECHINOLAMPINjE. 

ECHINOLAMPAS,  Gray,  1821. 

1.  EoHiNOLAMPAS  0L0BULU8,  Laube,  1867. 

Beatr,  Eennt.  £ch.  ricent.  Tert. :   Sitz.  Akad.  Wiss.  Wien.,  vol.  Iri,  1,  p.  239 ; 
and  1868,  Denk.  Akad.  Wiss.  Wien.,  toI.  xxix,  p.  4,  pL  iy,  fig.  5. 

This  speoies  has  been  twice  recorded  by  M.  de  Loriol-le-Fort, 
who,  in  the  later  of  his  excellent  accounts  of  the  species,  considerably 
reduced  its  dimensions. 

In  his  Monograph  of  1880^  he  records  the  length  as  from 
25  to  60  mm.,  and  in  that  of  1883  >  as  from  12  to  26  mm.  These 
specimens  (1 1379)  from  the  Eocene  of  Abu  Roash  fully  agree  with 
the  account  and  figures  in  his  earlier  paper.  The  specimens  are  of 
the  larger  size,  57  mm.  long  by  41  mm.  broad  by  34  mm.  high. 
They  are  nearest,  among  the  larger  species,  to  E.  lihycuB,  Lor.' 

2.  EoHiNOLAMPAS  AFRICANU8,  do  Loriol,  1880. 

Op.  dt.,  p.  90,  pi.  ill,  fig.  1 ;  pi.  iy,  figs.  5,  6 ;  and  1883,  op.  cit.,  p.  23,  pi.  yii, 
fig.  1. 

The  following  specimens  from  the  Eocene  of  Sinai  were  collected 
by  the  late  Mr.  Barron  : — 
L  4148.     Three  worn  specimens.     Nummulite  beds,  Jebel  Wagra, 

Wadi  Feiran,  Sinai. 
L  3582.     Three  worn  specimens.     Top  of  Nummulite  bed,  Wadi 

Khadahid,  Sinai. 
L  3578.     Two  worn  specimens.      Nummulite  bed,   Wadi   Abyad, 

Sinai. 
L   4175.      One   worn   specimen,   crushed    with  depressed    petals. 

Nummulite  bed,  Jebel  el  Araba,  Wadi  el  Araba. 
DimenBions : 


A  crushed 

L  4148. 

L  3582.    specimen. 
L  3582. 

L35; 

'8.                    Fi(U> 

De  Loriol. 

Length         ...  '  84  mm. 

74  mm.      90  ram. 

86  mm.  ... 

96  ram.    75  to  100  mm. 

Width          ...  ;  73*5 mm. 

62  mm. 

85  mm. 

72  mm.  ... 

78  ram.            — 

Height         ...  !  42  mm. 
Ratio  of  length 

38  mm. 

53  mm. 

44  mm.  ... 

■(    :     - 

to  width   ...  .  100 :  87-6 

100 :  84  '  100  :  95 

100:84  ... 

100:81,  100:85  to  88 

Ratio  of  length , 

to  height  ... 

100  :  50 

100 :  61 

100  :  69 

100:61  ... 

— 

100:  48  to  62; 

average  50, 

*  p.  de  Loriol :  Mon.  E'ch.  numm.  E'gypte,  M6m.  Soc.  Phys.  Nat  Hist.  Geneve, 
Tol.  zxvii  (1880),  p.  98. 
'  P.  de  Loriol :  Eoo.  Echin.  .£gypt.,  Palaoont.,  vol.  xxx  (1883),  pt.  2,  i^.  11, 
'  Ibid.,  p.  31,  pi.  T. 
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3.  EoHiNOLAMPAs  FRAAsi,  do  Loriol,  1880. 

Op.  cit.,  p.  92,  pi.  V,  fig.  1 ;  1883,  op.  cit,  p.  22,  pL  tu 

One  speoimen  with  speoimens  of  Eeh\nolampa$  afrieanu$f  from 
the  top  of  the  Nummulite  beds,  Wadi  Khadahid,  Sinai.  L  3582. 
Oollected  by  the  late  T.  Barron,  Esq. 

DimensionB : 

Fide  de  Loriol. 


Length 

88  mm.  (P) 

92  mm. 

Width         

85  mm. 

— 

Height        

63  mm. 

— 

Katio  of  length  to  width   ... 

100:96(P)      ... 

100:  84 

Katio  of  length  to  height  . . . 

100:  60  (P)      ... 

100  :  67 

4.   EOHINOLAMPAS   FBIRANENSI8,  n.Sp.      (PI.  XI,  FigS.  11-14.) 

From  the  locality  of  Wadi  Feiran. 

JHagnoais, — Test :  the  front  half  is  snboircular,  bat  the  anterior 
margin  is  somewhat  flattened ;  the  two  sides  are  well  ronnded ;  the 
posterior  end  is  produced  to  a  blunt  rostrum.  Hence  the  slope  is 
subpentagonal.  The  margin  of  the  actinal  surface  is  flat,  but  the 
peristome  is  in  the  middle  of  a  broad,  fairly  deep  depression.  The 
upper  surface  is  high ;  the  apex  is  very  excentrio  anteriorly,  and  the 
front  slopes  steeply  forward. 

Ambulacra :  the  petals  are  long,  and  reach  nearly  to  the  margin 
of  the  test  The  petals  are  well  developed,  and  the  interporiferous 
areas  are  tumid. 

Periproct  on  the  rostrum. 

Dimensiona : 


De  Loriol. 

38*5  mm.  37 

L  4204  (fig. 
mm.  29  mm. 

30 

mm. 

36*5  mm. 

1880.         1880. 

Length 
Width 

17-30  mm.  18  mm. 

33  mm.      35 

mm. 

27*5  mm. 

28 

mm. 

33  mm. 

Height 

21mm.      13 

mm. 

14*5  mm. 

11 

mm. 

17*5  mm. 

Katio  of  length 

to  width    ... 

100  :  91 

100  :  95 

90 

100:87-98  100:94 

Katio  of  length 

to  height  ... 

100  :  54 

100 :  50 

100  :  48 

100:66-78  100:61 

Distance  of 

centre  of  apex 

from  anterior 

margin :  de 

Loriol  (fig.  4) 

14  mm. 

10mm. 

14  mm. 

12  mm. 
Length  of 
tert,27'5 

Katio  of  length 

to  that  distance 

100  :  36-3 

100  :  34*5 

100 :  38-8 

100  :  4S-6 

Distribution, — Limestone,   probably    Miocene  :    south    of   Wadi 
)iran^  Sinai.    L  4204.    Collected  by  the  late  T.  Banrfm,  Em. 
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Figures. — PI.  XI,  Figs.  11-14.  Fig.  11,  a  speoimen  from  above, 
nat.  size ;  Fig.  12,  the  same  speoimen  from  the  side,  nat  size ; 
Fig.  13,  small  speoimen  from  the  side,  nat  size ;  Fig.  14,  base  of  a 
third  specimen,  nat  size.  " 

Affinities, — This  speoies  is  most  nearly  allied  to  JSl  crafMrx^  de 
Lor.,*  from  whioh  it  differs  by  the  sabtumid  petals,  the  flatter  form, 
and  more  anterior  position  of  the  apical  diso. 

The  other  near  ally  of  E.  feiranensis  is  JSl  goujoni,  Pomel,'  from 
the  Lower  Eooene  of  Tunis ;  but  in  the  form  of  the  peristome  that 
species  is  much  nearer  to  K  erameri  than  to  the  new  speoies. 

5.  EoHiMOLAMPAS  aff.  iNsiQiiis,  Pomol. 

H  2191.  Two  broken  specimens.  Near  Dara  Hill,  west  of  Dara, 
"  close  to  Miocene,  on  Eocene  and  Cretaceous."  Eastern  side 
of  the  Red  Sea  Hills.     Collected  by  the  late  T.  Barron,  Esq. 

Two  very  broken,  crushed  specimens,  length  118  mm.,  width 
117  mm.,  height  41  mm.  (crushed). 

in.    PLEISTOCENE. 

Subclass  REGULARIA   ENDOBRANCHIATA. 

Order  CIDAEOIDA. 

Family  CIDARIDJE. 

Phyllacanthus  IMPERIALI6  (Lamk.). 
Raised  beach,  Dahab.     L  3516. 

Subclass   REGULARIA   ECTOBRANCHIATA. 

Suborder    ECHININA. 
Family  TRIPLECHINIDiE. 

EoniNCS    VERBUCULATU8  (?). 

In     Pecten   bed,   Upper   Coral   Terrace  between   Nebk    and 
Sherm,  N.E.  Sinai.     L  4324. 

ToxoPNEUSTES  PILE0LU8  (Lamk.). 

Raised  beach,  20  feet  above   sea-level.       Gharib  Lighthouse. 
J  2058-98. 

Family  ECHINOMETRIDiE. 

EOHISIOMXTBA   LUOUNTBB    (Leskc). 

Raised  beach,  20  feet  above  sea-level.     Qharib  Lighthouse. 

HSTKBOCBNTBOTUS   MAHMILLATUS    (Lcskc). 

Shore  at  Dahab.     L  3524. 

Many  spines.     Raised  beach,  80  feet  above  sea-level.     Camp  6, 
Wadi  Gueh.     K  1558. 

»  De  Loriol,  1880:   op.  cit.,  p.  100,  pi.  vi,  figs.  4-10.     1883:   op.  cit.,  p.  32, 

pL  iii,  fig.  8. 

•  See  e.g.  Gauthiar,  Ech.  foss.  recueillia  en  1885  et  1886  dans  Hauts-Plateaux 
Tonne  psr  Thomas:  Explor.  Sci.  Tunine,  Paris,  1889,  p.  94,  pi.  n,  figs.  12-U. 
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Baised  beach  at  Dahab.    L  8516. 

Baised  beaoh,  north  of  Koseir.    J  2121-38. 

Baised  beach,  20  feet  above  sea-leveL      Qharib  Lighthouse. 

J  2058-98. 
Lower  raised  beach,  east  of  Jebel  Esh.    K  2155. 
Baised  beach.  Camp  4,  Wadi  Hamrawein.    J  1638. 
Baised  beach,  Gamp  5,  Wadi  Gueh.     E  1615. 

Subclass  IRREGULARIA. 

Order  GNATHOSTOMATA. 

Suborder   CLYPEA8TRINA. 

Family  FIBULABIID^. 

FiBULARIA   VOLVA,    Ag. 

Baised  beach,  20  feet  above  sea-level.       Gharib  Lighthouse. 
J  2058-98. 

Family  LAGANIDiE. 

Lagamum  depressuh,  Lesson. 

Baised  beach,  Camp  4,  Wadi  Hamrawein.    J  1638. 
Pecten  bed  in  cliff  between  Nebk  and  Sherm.     L  3539. 
Baised  beacli,  east  of  Jebel  Esh.     J  2154. 

Family  SCUTELLIDiE. 

EcniNODisous  sp.  (too  fragmentary  for  description). 

"  Beach  deposits,"  north  side  of  Wadi  Feiran.     L  4288. 

Family  CLYPEASTBIDiB. 

Clypbaster  80UTIF0RMB  (GmoL). 

Baised  beach,  No.  2,  west  of  Camp  7,  Wadi  Abu  Shigeli,  north 

of  Kosseir.     J  1614. 
Baised  beach,  near  Dahab,  E.  Sinai.     L  3494. 
Third  raised  beach  between  Nebk  and  Sherm,  Sinai.     L  3538. 

Clypbaster  humilis  (Leske). 

Camp  4,  Wadi  Hamrawein.     J  1638. 
Clypbaster  aff.  humilis. 

Baised  beach,  Gaa,  Camp  23,  side  of  Jebel  el  Araba.     L  3634. 
Clypbaster  sp.  young. 

Baised     beach.    Camp    4,    Wadi    Hamrawein,    near    Qosseir. 
J  1638. 

Clypbaster  sp. 

Baised  beach,  north  of  Qosseir.     J  2121-38. 
Pecten  bed,  in  cliff  between  Nebk  and  Sherm.     L  3539. 
"  Beach  deposits,"  north  of  Camp  7,  south  of  Wadi  Feiran, 
Sinai.    L  4204.    Probably  fragment  of  a  Miooene  species. 


Geol.Mag,1906. 


E.Droiie  dei.et  iiLh,  Vfesljftwinui  inp- 

Pbssil  Echinoldea  Spotcv  Sma,!  Sl  Egypt. 
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Order  ATELOSTOMATA. 
Sbissus  cabin ATU8  (Lamk.). 

Raised  beaoh,  north  of  Qosseir.     J  2110. 

Srissus  (?}cabinatus  (Lamk.). 

Aba  Shigeli,  560  feet  above  sea-level.     J  1624. 
Wadi  Abu  Sbigeli,  380  feet  above  sea-level.     E  1660. 

Indeterminable  cast  of  perhaps  a  Schizastbb,  allied  to  oibbebulus, 
Ag.,  or  perhaps  a  Bbissopsis. 

Raised   beach,   300  feet  above  sea-level,    Wadi    Hamrawein. 
K  1553. 

^SCBIZASTKB   OIBBKBULUS,    Ag. 

600  feet  above  sea-level,  Camp  4,  Wadi  Hamrawein.    E  1638. 

LovfiNiA  XLONGATA  (Gray). 
Shore,  Dahab.     L  3524. 

EXPLANATION  OF  PLATE  XL 

Pig.  8. — Thylechiniu  quineuneialis,  n.sp.      Cenomanian:   morlB  at  head  of  Wadi 
Ethal,  Sinai.    L  3872.    Collected  by  the  late  T.  Barron,  Esq. 
8/1,  a  specimen  from  the  side.    Nat.  size. 

Hby  part  of  the  ambitus,  showing  the  plan  of  the  interambulacral  tabercles. 
X  3  diam. 
p     8r,  two  compound  ambulacral  plates  from  the  same,     x  4  diam. 
'  '^-  9. — ThyUehinus  trigranulatua^  n  sp.   Cenomanian :  marls  at  head  of  Wadi  Bthal, 
Sinai.    L  3872.     Collected  by  the  late  T.  Barron,  Esq. 
9f?,  t«rt  from  below.    Nat.  size. 
^b,  from  the  side.     Nat.  size. 

9f ,  upper  part  of  an  ambulacrum,  showing  the  structure  ot  the  plates,    x  4  dium. 
0</,  part  of  an  interambulacrum  at  the  ambitus,      x  4  diam. 
*^^^-    10.  —  Copto»ouui  gumiehensiM,  n.sp.     Cenomanian  (?) :    Jebel   Gunneh,  Sinai. 
L  3606.     Collected  by  Dr.  W.  F.  llume. 
lOa,  bj  type-specimen  from  above,  and  from  the  side.     Nat.  size. 
I  Or,  a  compound  ambital  ambulacral  plate,      x  4  diam. 
lOrf,  ambital  interambulacral  plates,      x  4  diam. 
'iGs.  11-14. — Eehinolampas  feirattettsis^  n.sp.      Miocene:    south  of  Wadi  Feiran, 
Sinai.    L  4204.     Collected  by  the  late  T.  Barron,  Epq. 
11,  12,  the  type-specimen  from  above  and  from  the  side.     Nat.  size. 
13,  a  snmll  specimen  from  the  side.     Nat.  size. 
p     U,  base  of  a  third  specimen.     Nat.  size. 
*io.  15. — Jtia-opedina  eotteaui,  Coquand.     Ambital  plates  (after  Cotteau). 

[Ebhatum. — In  Geol.  Mao.,  May  number,  p.  227,  in  Explanation 
^f  Plate  X,  Fig.  3,  Acanthechinopsis  humeif  n.sp.,  is,  by  an  error. 
Piloted  A.  harroni,  n.sp.  It  is  correctly  printed  as  A.  humei  on 
P*  2l9,  and  also  in  list  of  species  on  p.  250. — Edit.  Geol.  Mao.] 


III. — Some  Notes  on  Archjean  Stratigraphy. 

By  F.  P.  Mennell,  F.G.S. 

llTUCH  has  been  written  concerning  the  Archsean  rocks  from 
jHt.  a  petrographical  point  of  view,  but  their  structural  relations 
^^e  as  a  rule  reoeived  little  attention.  I  do  not  wish  to  be  under- 
^^od  as  overlooking  the  work  that  has  been  done  in  England,  and 
^^Pocially  in  America,  of  late,  and  which  has  added  so  much  to  our 
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knowledge  of  the  older  rock  groups.  But  when  we  oome  to  deal 
with  formations  of  such  high  antiquity  as  those  which  chiefly 
concern  the  geologist  in  South  Central  Africa,  it  becomes  evident 
that  we  can  hope  to  derive  little  assistance  from  the  observations 
that  have  been  made  in  other  quarters  of  the  globe.  In  the 
European  area  there  is  so  great  a  preponderance  of  sediments  whose 
nature  is  obvious,  and  whose  structural  relations  are  only  just 
sufBciently  complicated  to  be  interesting,  that  it  is  far  too  common 
to  find  the  schistose  rocks  indiscriminately  lumped  together,  with 
the  intrusions  that  invade  them,  as  'Mgneous  and  metamorphic/' 
whereas  in  an  ArchsBan  area  the  basis  of  all  stratigraphioal  work 
(if  I  may  use  such  a  term)  must  be  the  distinction  between  the 
igneous  rooks  and  those  which  owe  their  proximate  characters  to 
raetamorphism,  whatever  their  origin  may  be.  We  find,  in  fact, 
that  even  where  much  time  and  labour  has  been  spent  over  these 
rocks  they  have  resulted  in  so  much  controversy  and  confusion  that 
the  geologist  in  a  region  like  Tropical  Africa  finds  it  necessary 
to  discard  most  of  his  preconceived  ideas  and  start  to  frame  new 
generalisations  for  himself.  And  how  important  it  is  to  have  clear 
ideas  on  the  subject  will  be  realised  when  it  is  considered  that  in 
some  countries  nearly  all  the  rock  groups  are  of  Archsdan  age. 
Indeed,  as  I  liave  already  had  occasion  to  point  out,^  the  European 
area  is  probably  unique  in  its  vast  development  of  sedimentary  as 
compared  with  igneous  and  metamorphic  rocks.  In  Africa  the 
stratified  formations  may  almost  be  looked  upon  in  the  same  light 
as  the  drift  deposits  of  England.  They  merely  form  a  superficial 
coating  through  which  the  'basement  rocks'  of  the  earth's  crust 
constantly  protrude  except  along  the  coastal  fringe.  If  we  look, 
for  example,  at  the  map  accompanying  Hatch  &  Gorstorphine's 
recently  issued  *'  Greology  of  South  Africa,"  we  find  separate  colours 
used  for  eight  different  sedimentary  formations,  which  range  from 
5,000  to  over  25,000  feet  apiece  in  thickness.  Only  one  of  these  is 
known  to  be  of  pre-Archeean  date,  and  what  are  now  admitted  to 
be  the  Cape  equivalents  of  the  seven  remaining  groops  are  all 
officially  classed  as  ArchsBan  by  the  Cape  Geological  Survey,  and 
it  is  certain  that  none  are  pre- Silurian.  It  is  perhaps  necessary  to 
remind  the  reader  that  the  once  popular  correlation  of  the  Transvaal 
rocks  with  the  Palasozoic  strata  of  the  Cape  is,  as  was  first  pointed 
out  by  the  writer  two  years  ago,  quite  untenable,  and  is  now 
thoroughly  discredited. 

It  may  be  that  the  structure  of  the  Central  African  metamorphic 
area  is  simpler  than  that  of  similar  regions  elsewhere,  bot  it  is 
certain  that  more  light  is  likely  to  be  thrown  on  some  of  the 
most  interesting  problems  of  physical  geology  by  the  study  of  its 
formations  than  can  be  thrown  upon  these  last  by  the  results  so  Dar 
obtained  in  other  countries.  This  may  in  part  be  attribated  to 
the  great  extent  and  striking  lithological  features  of  tome  of  the 
principal  rock  groups,  and  even  more  perhaps  to  the  dleamets  of 
the  exposures.      Instead  of  the  irritating  little  ieolattd  patches 

1  **  Geology  of  South  Rhodesia,"  p.  25. 
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of  rook  that  we  are  aconstomed  to  in  England,  we  find  miles  of 
almoBt  oontinuons  sections  along  bill-slopes  and  stream-beds.     Even 
a  comparatively  bare  tract  like  the  Alps  is  at  a  disadvantage  owing 
to  its  nps  and  downs,  whereas  the  African  tablelands  afford  almost 
plane  surfaces.    The  remarkable  rocks  that  we  used  to  puzzle  over 
through  the  microscope  are  clearly  shown  in  their  relations  with  the 
other  formations,  and  we  are  able  to  form  definite  conclusions  where 
before  we  could  but  guess.     The  writer  has  scarcely  passed  a  day 
for  four  years  without  setting  foot  on  Archsean  rocks.     And  he  may 
place  on  record  his  deliberate  opinion  that  there  is  no  greater  rarity 
than  a  <'rock  of  doubtful  origin,*'  if  we  except,  perhaps,  a  few 
talcose  rocks  and  others  usually  occurring  around  mineral  deposits, 
in  whose  formation  hydrothermal  agencies  have  played  a  great  part 
There  does  not  appear  to   be  any   problem   of  this  nature  that 
combined  field  and   microscopic  observation  is  not  competent  to 
solve.     The  coarsely  crystalline  schists  which  have  excited  so  much 
controversy  are  found  to  have  been  crystalline  from  the  start,  as 
they  appear  to  be  invariably  of  igneous  origin,  for  it  can  be  proved 
to  demonstration  in  the  majority  of  cases,  and  must  be  accepted 
as  an  inevitable  inference  in  the  rest.     Most  gneisses  are,  in  fact, 
igneous  rocks  of  quite  recent  date  in  comparison  with  the  sediments 
into  which  they  can  be  seen  intrusive.     These  sediments  are  rarely 
of  a  highly  crystalline  nature,  save  along  contacts,  and  show  their 
true  characters  both  in  their  composition  and  their  field  relations. 
Careful  search  indeed  rarely  fails  to  reveal  exposures  where  they 
are   comparatively   free   from   alteration,   and    show    clearly   their 
sedimentary  origin  even  in  hand  specimens.    The  groups  which  have 
perhaps  been  the  greatest  puzzles  in  other  parts  of  the  world  are 
here  quickly  reduced  to  order.     The  banded  gneisses,  granulites, 
etc.,  whose  secret  seemed  so  impenetrable  when  their  field  relations 
were  imperfectly  understood,  are  no  longer  a  mystery  when  we  can 
examine  them  along  bare  rock  surfaces  miles  in  extent.     Some  are 
granites   modified  by  movements   in   consolidation   and   the  local 
absorption  of  particular  classes  of  rock  ;  others  are  schists  modified 
by  contact  action  and  impregnation  with  granitic  material ;  others, 
again,  can  be  termed  neither  igneous  nor  metamorphic,  but  may  be 
conveniently  classed  as  *  mixed  rocks,'  having  been  formed  by  the 
inter  lamination   of  igneous  and  other  material  due  to  the  '  lit  par 
lit '  injection  processes  which  characterise  the  plutouic  masses  when 
we  get  near  their  roots. 

Among  rocks  such  as  we  have  alluded .  to,  the  principles  of 
ordinary  stratigraphy  have  little  application.  Terms  like  dip  and 
strike  become  almost  meaningless,  and  the  structural  relations  of 
the  rooks  have  to  be  made  out  from  quite  other  considerations  than 
Boperpoeition.  The  apparent  dip  is  simply  that  of  foliation,  and 
though  the  strike  often  coincides,  as  pointed  out  by  Judd,^  with  the 
real  direction  of  the  strata,  this  is  by  no  means  always  the  case,  as 
may  soon  be  fonnd  out  by  the  simple  experiment  of  following  the 
apparent  strike  of  a  band  with  well-marked  lithological  characters 

>  Student's  Lyell,  p.  649. 
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't  rcKTzr  iz.  ^liiecr  aiamal  fooonsion,  as  determined 
Lftiriiz.!  rcdi  ^  rcBB»her  is  that  metamorphosed 
i3,zr3Ri:iiA  ffsrisx  a:::<:ilcic  ;tte  adiisu  may  behave  as  rocks 
T  ice  -iarijir  i&az.  '^•^lt  real  c«ffi:d  of  fonnation.  This  follows 
J  zricL  liukr  trzcrzasiztk  tr2aL  bebw,  and  hence  it  is  vei^ 
1  ic  scc^  ewieii  «}  di^ciB^icisXL  between  them  and  the  much 
.:i3er  rocks  en  wLicc.  scde>  cf  liije  sc&iics  of  sedimentary  origin  (in 
«^jcfi  ^'^j  sr«  i=ir:&v-i-  Lave  cwen  laid  down.  Their  intrusive 
^tfzre  Lis  CO  b«  iniVfTcd  fr\:::i  :  1  pelzologiosl  characters,  (2)  the 
M%j  in  wLioL  thev  cuke  unexpected  appearances  among  the  old 
fcdi:£ei::«,  3  «3ch  tr&ces  as  xoav  sarvive  of  contact  action  produced 
by  tiiT=i.  t-t  ici&ezice  cf  p^ebbles  derived  from  them  in  such 
consul  .■zLrr\zi'2  bed*  ss  may  occur. 

The  iis:  refer^cce  to  cocglrmerates  reminds  us  of  what  an 
imp<:rt<iL:  feature  tLev  may  be  in  Archaean  stratigraphy.  Very 
few  •:!evel:pmeiit5  of  ArcLseAn  rocks  fail  to  show  important 
oon^Iin^erate  fc-^is,  and  they  are  simply  invaluable  as  datum-lines. 
Sol  only  are  tLey  readily  reoj'guised  in  the  field  as  a  rule,  but  their 
pebbles  afford  most  important  evidence  of  their  age.  Thus  the 
relative  ages  of  the  two  most  important  sedimentary  series  in 
Rh'Kle&ia  is  at  once  determined  by  the  fact  that  one  of  them,  the 
Con;^lomeratic  series  as  it  may  be  called,  contains  numerous  pebbles 
of  tlie  other,  which  I  have  termed  the  Banded  Ironstone  series, 
llie  two  sets  of  beds,  though  of  enormous  thickness,  are  folded 
together  in  the  most  intricate  manner,  and  though  their  order  of 
fliiperposition  was  originally  determined  by  me  solely  on  the 
streijf^tii  of  the  evidence  afforded  by  their  general  relative  distance 
from  the  granite,  it  is  very  satisfactory  to  get  the  additional  proof 
given  by  the  pebbles. 

Kven  where  the  granites  are  transgressive  in  a  marked  degree. 
evi<lence  of  the  order  of  succession  ot  the  metamorphio  rocks  may 
Honietimes  be  obtained  from  carefully  considering  their  relations  to 
ranite.     We  may  take  an  actual  instanoe  from  the  neighbour- 
of  Bulawayo.     The  figure,  representing  an  area  about  18  miles 
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aorou,  showB  the  general  atraotnre  of  tlie  sohistose  rooka  round  the 
Hillside  intruBion  (oonsieting  obiefly  of  a  remarkable  type  of  ang^te- 
niicrooline  syenite).  The  aketoh  is  rather  diagrammatio,  owing  to 
the  lack  of  any  detailed  topographioal  maps,  but  though  the  exact 
outlines  of  the  Tarions  groups  may  reqaire  alteration  it  may  be 
taken  as  a  &ir  representation  of  the  foots.  The  dotted  areas  are 
covered  by  the  Conglomerate  series,  and  the  lined  ones  by  the 
Banded  Ironstones  (altered  fine  meohanioal  sediments,  abaracterised 
by  a  jospery  appearance,  and  a  banding  due  to  ths  difFerenoes  in  the 
iron  contents  of  the  vorions  layers),  while  the  unshaded  portions 
are  occupied  by  the  sohisti  of  igneous  origin  and  other  rooks.    The 


Sketch-plan  of  Hillside  Ornaite  Mass,  ehovinj;  relations  to  the  aurrounding  rockn. 
Gramte-Mhist  boundarie-i  solid,  all  oHiere  Joltfd.  Banded  Ironf-tnno,  lined ; 
Coofrlainerata,  apotUd.  F,  Foraet  Sandstone ;  E,  Epiiliorite,  eU. ;  S,  Chlorite 
Schists;  O,  Gianite. 

east  and  west  trend  seen  at  the  bottom  of  the  figure  is  dae  to  what 
may  be  termed  the  Matopo  eyatem  of  folds,  as  it  resulted  in  the 
rising  up  of  tbe  great  Matopo  granite  maaa,  while  above  there  is 
seen  a  tendency  to  parallelism  with  the  edge  of  the  graaito  to  Va« 
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westward.  The  Hillside  intrusion  has  obviously  risen  by  eating  its 
way  upward,  and  not  primarily  owing  to  the  folding  of  the  schists, 
which  are  not  much  thrown  out  of  their  course  in  its  neighbourhood. 
But  the  first  impulse  must  all  the  same  have  been  due  to  an  incipient 
fold,  and  though  it  is  so  slight  it  affords  an  important  clue  to  the 
structure  of  the  area.  The  apparent  dip  of  the  beds  is  vertical,  as 
near  as  may  be,  but  though  this  may  represent  the  position  on 
a  small  scale  the  general  dip  (or  the  true  dip)  of  the  beds  cannot  be 
very  steep,  as  may  be  inferred  from  the  diagram.  For  slight  as  has 
been  the  disturbance  of  the  beds,  the  tilting  has  been  sufficient  to 
prevent  the  conglomerate  from  anywhere  coming  into  actual  contact 
with  the  intrusion  on  the  north  or  east.  It  is  evident  from  this, 
first,  that  the  Banded  Ironstone  is  the  older  rock,  and  further,  since 
denudation  has  entirely  removed  the  conglomerate  from  its  surface, 
even  though  the  uplift  has  been  so  slight,  that  the  folds  cannot  be 
very  sharp.  If  they  were,  the  conglomerate  would  not  wedge  out 
in  the  way  it  does  before  coming  close  to  the  intrusion.  On  the 
south  side  of  the  intrusion  there  is  probably  extensive  faulting  where 
the  two  systems  of  folds  meet,  for  the  Basement  schists  run  as 
a  wedge  into  the  conglomerate,  without  any  intervening  Banded 
Ironstone.  This  will  account  for  the  difference  in  structure  that 
is  shown. 

A  point  of  considerable  importance  in  all  Archsdan  areas  is  the 
relation  of  schists  and  granite.  As  Professor  Bonney  points  out,  the 
cases  of  gradation  from  mica- schist  through  gneiss  into  granite  are 
due  merely  to  the  fact  that  a  kind  of  mica-schist  is  produced  through 
the  crushing  of  gneiss,  and  the  latter  itself  from  the  granite.^  But 
even  this  is  a  rare  phenomenon,  for  true  mica-schists  are  not  at 
all  common  in  my  experience,  and  I  know  of  hardly  any  so-called 
gneiss  which  is  not  obviously  an  igneous  rock — nearly  always 
a  granite  which  has  become  somewhat  '  streaky '  before  complete 
consolidation.  To  the  unaccustomed  eye,  however,  it  is  not  at  first 
by  any  means  a  simple  matter  to  determine  whether  a  granite  is 
intrusive  or  not.  I  may  say  that  though  it  was  perfectly  obvious 
from  the  undisturbed  condition  of  the  granite,  and  the  much  folded 
state  of  the  surrounding  districts  near  Bulawayo,  that  the  former 
must  be  intrusive,  I  was  a  long  time  in  bringing  to  light  unquestion- 
able evidence  on  the  point.  Indeed,  if  it  had  not  been  for  a  lucky 
chance  taking  me  over  the  magnificent  contact  section  of  the  Matopo 
granite,  in  an  out-of-the-way  locality  near  Figtree,  it  might  have 
been  two  years  instead  of  only  one  before  I  was  able  to  interpret 
the  evidence  near  Bulawayo.  For  the  evidence  is  precisely  what 
has  led  many  geologists  into  recording  instances  of  supposed 
gradation  between  schists  and  granite,  or,  on  the  other  hand,  into 
denying  the  intrusive  character  of  the  granite.  Dr.  Hatch,  for 
example,  after  making  a  tour  through  Bhodesia,'  actually  came  to 
the  conclusion  that  the  schists  were  intrusions  in  the  granite  (!), 
though  he  has  since  retracted  this  opinion  in  consequence  of  the 

*  Proc.  Gtjol.  Assoc,  vol.  xv,  p«  4. 
'*  Geol.  Mao.,  1895,  pp.  193,  etc. 
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evidence  adduoed  by  me  to  the  contrary.'  The  dome-like  structure 
of  the  schists  round  most  of  the  granite  masses  is  readily  accounted 
for  on  the  idea  of  the  greater  age  of  the  latter.  What  has,  howeyer, 
given  rise  to  the  greatest  confusion  is  the  fact  that  at  their  roots 
granite  masses  do  not  show  those  features  which  we  have  learnt  to 
regard  as  characteristic  of  intrusion  where  we  have  seen  them,  as  is 
generally  the  case  in  Europe,  invading  normal  sediments.  Actual 
dykes  are  rare,  and  do  not  extend  far  from  the  main  mass  of  the 
rock.  The  characteristic  feature  of  the  invasion  of  crystalline 
schists  is  in  fact  the  production  by  '  lit-par-lit  iojection '  of  those 
very  rocks  which  have  aroused  the  greatest  amount  of  controversy. 
Once  this  fact  is  realised,  much  becomes  clear  that  before  was  very 
far  from  it.  The  scantiness  of  dyke-like  protrusions  is  readily 
explained.  At  great  depths  the  formation  of  open  fissures  is 
scarcely  possible;  eruptive  activity  is  naturally  prominent  only  in 
the  upper  part  of  a  mass.  The  ofifshoots  from  the  deep-seated 
portions  must  corrode  a  way  into  the  surrounding  rocks,  or  insinuate 
their  material  between  their  laminae.  The  last  process  is  the  usual 
one,  and  even  the  few  large  dykes  that  are  seen  are  mere  feeders 
by  which  the  injection  is  carried  on,  and  which  soon  become 
exhausted  in  the  process.  They  therefore  scarcely  ever  extend 
beyond  the  zone  of  injection  'lit  par  lit,'  though  as  this  may  be 
over  a  mile  across,  that  would  not  prevent  them  being  prominent, 
and  their  extreme  rarity  is  rendered  the  more  evident. 

The  section  at  Figtree  referred  to  above  is  one  of  those  rare 
occurrences  which  outdo  textbook  diagrams  in  clearness.  There 
are  excellent  exposures  along  the  spruit-beds,  and  we  may  see  large 
dykes  running  into  the  schists  for  hundreds  of  yards,  as  well  as 
every  intermediate  stage  between  such  features  and  the  insinuation 
on  a  microscopic  scale  of  granitic  material  between  the  foliation 
planes  of  the  schists.  Sometimes  the  granitic  and  sometimes  the 
schistose  material  has,  owing  to  slight  movements,  been  broken  up 
into  discontinuous  threads.  Thus  we  see  one  rock  forming  a  matrix 
enclosing  a  series  of  lenticles  of  the  other,  and  subsequent  dififusion 
of  material,  or  possibly  actual  melting,  has  in  some  cases  also  led  to 
the  formation  of  typical  banded  gneisses,  while  epidoaites  are  also 
found,  due  no  doubt  to  what  Dr.  Callaway  calls  '  secondary 
injection.'  When  once  a  section  like  that  described  has  been  seen, 
it  is  easy  to  interpret  more  obscure  ones  in  other  places.  Not  that 
other  sections  are  necessarily  obscure  at  all;  in  fact,  when  the 
unfamiliarity  has  been  overcome,  it  is  an  easy  matter  from  the 
nature  of  the  rocks  to  predict  the  proximity  of  granite  when 
orossing  a  metamorphic  area,  or  of  schists  wlien  traversing  an 
igneous  one.  In  a  number  of  localities  it  is  very  interesting  to 
trace  the  gradual  changes  that  take  place.  Starting,  for  instance, 
from  beyond  the  Rifle  Eopje  at  Bulawayo,  we  begin  with  coarsely 
•crystalline,  unfoliated  '  epidiorites,'  which,  in  spite  of  amphi- 
bolisation,  etc.,  retain  an  ophitic  structure,  which  puts  their  original 
nature  beyond  doubt    Approaching  the  granite  going  nearly  west, 

»  *'  Geology  of  South  Africa,''  1905,  p.  98. 
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the  rocks  become  more  and  more  foliated  in  appearanoe,  then 
igneous  material  begins  to  show  between  the  folia,  and  we  oome  to 
half-igneoas,  half-metamorphic  'banded  g^eissee'  at  what  we  may 
take  as  the  junction.  Inside  the  igneons  mass  huge  fragments  of 
what  was  originally  schist  may  often  be  seen,  which  by  fasion  and 
impregnation,  in  the  absence  of  stirring  movements,  folly  bear  ont 
Professor  Cole's  contention  that  **  masses  of  qoartz-diorite  arise 
as  products  of  admixture  where  granite  intrndea  into  more  basic 
masses." 

Of  course,  normal  contact  rocks  are  seen  where  the  old 
sedimentaries  are  invaded,  but  from  what  has  been  said  on  the 
question  of  relative  age,  it  will  be  inferred  that  this  is  comparatively 
rare.  I  have  nevertheless  been  able  to  reoord  from  time  to  Ume 
the  presence  of  nearly  all  the  characteristic  contact  minerals,  like 
andalusite,  fibrolite,  kyanite,  cordierite,  etc.,  chiefly  from  'Banded 
Ironstone'  junctions.  But  the  granite  masses  have  kept  as  a  rule 
well  within  bounds,  and  rarely  break  through  their  covering  of  the 
old  Basement  schists  or  those  of  igneous  origin.  But  in  the  absence 
of  actual  invasion  by  a  granite  mass,  it  is  fairly  obvious  whether  or 
no  the  latter  must  be  regarded  as  intrusive.  The  usual  intense 
folding  of  the  schists  leaves  little  room  for  doubt  as  a  rule,  for  rocks 
involved  in  movements  which  have  left  the  granite  undisturbed  must 
necessarily  be  of  greater  age. 

I  am  afraid  some  of  the  points  discussed  above  may  be  regarded 
as  of  a  rather  obvious  nature.  My  excuse  for  putting  them  into 
writing  must  be  that  they  are  seldom  referred  to  in  geological  works 
and  are  almost  persistently  overlooked  in  dealing  with  the  structure 
of  metamorphic  areas. 


IV. — Thb  Biveb  Oefni  in  Anglesey. 
By  Edward  Greenly,  F.G.S. 

MANY  years  ago,  when  discussing  the  origin  of  the  Menai  Straits, 
attention  was  drawn  by  Bamsay  to  the  existence  of  several 
other  valleys  running  in  the  same  direction,  north-east  and  south-west. 
Not  only  is  this  the  case,  however,  but  the  valleys  of  the  dominant 
system  that  traverses  the  plateau  of  Anglesey  have  the  same  trend, 
ridge  and  trough  alternating  with  wonderful  regularity,  as  far,  at 
any  rate,  as  Llanerchymedd,  a  distance  of  some  12  miles  from 
the  Straits. 

Much  less  conspicuous,  for  the  most  part,  though  more  numerous 
than  at  first  sight  appears,  are  certain  valleys  running  at  right  angles 
to  those  of  the  dominant  system,  and  therefore  north-west  and 
south-east.  They  may  drain  either  to  north-west  or  south-east. 
They  are  unlike  those  of  the  dominant  system  in  almost  every 
particular.  Those  are  long  and  straight :  these  are  short  and 
sharply  winding.  Those  are  broad  and  relatively  shallow,  these 
narrow  and  i-elatively  deep.  Those  are  generally  bounded  by  gently 
sloping  sides,  these  by  steep  and  even  preoipitoua  sides.     Much  the 
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Iftrgest  is  that  through  which  the  railtiray  has  been  taken,  just 
beyond  the  little  market  town  of  Llangefni. 

The  River  Cefni  is  the  name  given  to  a  very  complioated  system 
of  streams,  which,  with  all  its  branches,  drains  some  60  square  miles 
of  the  interior  of  Anglesey.  Entering  the  great  hollow  of  the 
Malldraeth  Marsh,  which,  as  is  well  known,  belongs  to  the  dominant 
system,  on  its  north-west  side,  at  a  point  about  a  mile  below 
Llangefni,  the  combined  waters  then  turn  round  to  the  south-west, 
and  find  their  way  out  to  sea  in  Malldraeth  Bay. 

The  Malldraeth  Marsh  is  practically  at  sea-level,  and  until  the 
year  1788^  was  flooded  by  the  sea  at  spring  tides.  It  was  then 
reclaimed,  and  the  river  embanked  and  straightened  for  a  distance 
of  some  six  miles  from  its  mouth ;  but  the  deserted  meanders  of  the 
old  river  can  be  traced  in  many  places  as  a  series  of  stagnant, 
oreaoent-shaped  pools  along  the  alluvial  plain. 

Between  the  Marsh  and  Llangefni  the  river  runs  a  little  east 
of  south  in  a  comparatively  open  valley,  chiefly  cut  in  Carboniferous 
rocks.  But  at  Llangefni  it  emerges,  rather  suddenly,  from  a  ravine, 
which  is  excavated  in  schists  and  quartzites  of  the  ancient  complex, 
with  a  general  N.E.-S.W.  strike.  This  ravine  extends  for  about 
1^  miles,  almost  exactly  north-west,  and  is  the  most  striking  valley 
of  the  kind  in  the  island.  It  is  140  feet  deep  at  the  wood's  end  by 
Pandy,'  and  in  places  less  than  400  feet  wide  at  the  top,  with 
precipitous  and  rocky  sides,  and  it  describes  bold  and  sweeping 
curves  in  its  course.  In  short,  it  is  a  perfectly  typical  water-cut 
valley,  and  differs  in  the  most  striking  manner  from  the  valleys  of 
the  dominant  type. 

But,  at  its  upper  end,  instead  of  proceeding  from  an  upland 
hollow  in  the  same  direction,  we  find  that  it  issues,  almost  at  right 
angles,  from  the  side  of  a  N.E.-S.W.  valley  of  the  dominant  type, 
which  extends  for  several  miles  to  right  and  left  of  the  exit. 

Now  this  hollow,  which  may  be  called  the  TrefoUwyn  Valley, 
after  a  farmhouse  in  it  near  the  railway,  does  not  open  out  to  the 
sonth-west  like  the  Straits,  the  Malldraeth,  and  roost  others  of  the 
class.  It  is  a  closed  oval  basin,  and  its  waters  all  converge  to 
the  heail  of  the  Cefni  Havine,  and  pass  out  that  way  at  a  point 
midway  along  its  south-east  side. 

The  further  upper  waters  are  very  complex,  and  raise  problems  of 
their  own,  which  cannot  be  dealt  with  in  this  paper,  and  which, 
indeed,  I  do  not  feel  that  I  understand.  But  the  anomalous  system 
here  described  seems  to  throw  some  light  on  the  relation  of  the 
two  types  of  valley  and  their  mode  of  origin.  For  the 
TrefoUwyn  Valley  could  not  have  been  in  existence  when  the  Cefni 
Bavine  was  in  course  of  excavation.  Its  south-west  barrier,  at  Tai 
Mona,  on  the  Holyhead  Bead,  is  less  than  150  feet  above  sea-level, 

^  Information  kindly  sapplied  by  Mr.  Thomas  Prichard,  of  Llwydiarth  Esgob, 
Anglesey,  from  the  records  of  the  Drainage  Commissioners. 

*  I  am  indebted  for  this  measurement  to  the  kindness  of  Mr.  Tobias  Clegg,  F.O.S., 
of  LUngefni  County  School,  who  very  ingeniously  determined  it  by  means  of  a  kind 
of  extemporized  theodolite. 
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whereas  the  highest  paii  of  the  plateaa  trenched  by  the  Bavine 
is  about  200  feet  (see  Map),  so  that  the  waters  of  a  lake  lying  in  the 
basin  would  have  ohosen  the  south-west  exit  and  deepened  that 
channel. 

Nor  can  we  postulate  in  this  case  an  ice-dam  such  as  those  that  have 
been  appealed  to  with  such  striking  success  in  Cleveland  and  other 
regions.  There  is  not  the  smallest  evidence  of  such  a  dam,  the 
glaciation  being  steadily  from  north-east  to  south-west,  with  mere 
local  variations  of  direction. 

All  the  evidence  goes  to  show  that  the  Trefollwyn  Valley  is 
the  later. 

Now,  nearly  opposite  to  the  exit  at  the  Bavine's  Head,  a  small 
stream  enters  the  Trefollwyn  Valley  on  its  further  side,  after  a  course 
of  about  a  mile  from  the  north-west.  It  has  no  name  on  the  maps, 
but  the  railway  has  been  carried  quite  near  to  its  south-west  banks. 
It  is  cut  in  rook,  not  merely  in  drifts. 


Trefoll^yfk, 


_jso 
HoiL&e 


Scale  /i  miles  to  one  inch 


f^lv^ay 


Sketch-map  of  part  of  course  of  River  Cefni. 

This  channel  is  in  the  natural  position  for  the  apparently  vanished 
upper  portion  of  the  Cefni.  Tlie  fall  would  be  slight,  but  there 
would  be  a  fall,  enough  to  make  such  a  continuation  possible,  and 
ample  if  we  allow  for  cutting  back  as  well  as  cutting  down  of  the 
lower  part  of  the  course.  How,  then,  did  it  come  to  be  so  strikingly 
severed  from  its  lower  portion  by  the  broad  valley  of  Trefollwyn  ? 

Admitting  that  'subsequent'  tributaries  of  the  Cefni  may  have 
initiated  that  hollow,  it  is  not  easy  to  see  how,  with  so  short  a  course 
and  80  slight  a  fall,  especially  from  the  south-west  (if,  indeed,  there 
was  not  a  fall  to  the  south-west,  which  seems  much  more  likely), 
they  could  have  produced  one  of  such  dimensions,  for  it  is  both  deep^ 
and  broad. 

Mt  ifl  floored  by  alluvium,  and  its  real  bottom  may  even  be  below  the  level  of  the 
rack  at  the  exit. 
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Nor  does  anderground  stmotnre  help  as  in  any  way.  Though  it 
is  likely  enongh  that  there  may  be  some  fault  or  line  of  weakness 
along  the  hollow,  there  is  certainly  none  of  any  importance.^ 

Let  us  consider  the  relation  of  the  two  valley  systems  to  the  . 
greatest  of  Post-Tertiary  events,  the  Glacial  Period.  The  valleys 
of  the  dominant  system  coincide,  as  is  well  known,  with  the  general 
direction  of  glaciation,  and  contain  abundance  of  Glacial  Drift.  They 
are  either  of  Glacial  age  or  older,  and  if  we  admit  the  possibility  of 
glacial  erosion,  may  have  been  produced  by  the  ice,  as  was  suggested 
by  Hamsay,  or,  at  any  rate,  deepened  and  enlarged  by  it 

The  Kavine,  lying  directly  across  the  path  of  the  ice,  cannot  have 
been  produced  by  it,  and  must  be  either  Pre-  or  Post-Glacial.  It 
must  therefore  be  Pre-Glacial,  as  we  have  seen  that  it  must  be  older 
than  the  TrefoUwyn  Valley.  Confirmation  of  this  is  found  in  the 
presence  in  its  bottom  of  Boulder-clay,  undisturbed  as  far  as  I  can 
see,  at  the  south  point  of  the  great  bend  west  of  Pandy. 

The  Cefni,  then,  is  a  Pre-Glacial  river. 

If  now  we  suppose  that  it  received  two  small  'subsequent* 
tribataries  from  north-east  and  south-west,  which  met  near  the 
farmhouse  of  TrefoUwyn,  and  that  their  combined  hollows  were 
deepened  and  greatly  widened  by  glacial  erosion  to  form  the  large 
valley  of  that  name,  we  shall  be  able  to  understand  the  severance  of 
the  two  portions  of  the  Pre-Glacial  Cefi^i,  the  production  of  the 
curious  closed  oval  hollow,  and  the  anomalous  configuration  and 
drainage  of  the  present  day. 

Indeed,  it  seems  probable  that  in  Pre-Glacial  Anglesey  the 
drainage  to  north-west  or  south-east  was  much  more  continuous  and 
systematic  than  it  is  now,  and  that  the  history  of  the  present 
anomalous  drainage  cannot  be  understood  without  reference  to  the 
events  of  the  Glacial  Period. 

A  curious  and  very  interesting  consideration  in  connection  with 
the  ancient  river  Cefni  is  that,  in  the  earlier  stages  of  its  history, 
far  back  in  Pre-Glacial  time,  there  must  have  been  a  fine  waterfall 
close  to  where  is  now  Llangefni  Station.  For,  at  that  point,  the  river 
has  cut  through  a  lenticular  band  of  very  hard  quartzite,  about 
lOU  feet  thick,  which  is  conspicuous  from  the  Station,  as  of  it  are 
composed  the  white  crags  below  the  fir-trees  just  opposite.  Kesisting 
erosion  much  more  strongly  than  the  schist  on  either  side  of  it, 
it  gives  rise,  even  now,  to  a  rapid.  In  the  early  stages  of  erosion 
this  rock,  while  freely  allowing  the  river  to  cut  hack  to  it  from 
below,  must  have  retarded  cutting  down  in  its  rear  ft)r  a  very  long 
time :  and  consequently  for  long  ages  a  fine  cataract  must  have 
poured  over  a  crag  some  80  or  100  feet  in  height.  Like  Gray's 
flower  in  the  famous  Elegy,  it  came  into  being,  and  then  dwindled 
gradually  away,  un watched  by  any  but  the  old  wild  beasts,  and 
perhaps  by  some  men  almost  as  wild. 

*  A  fault  which  partly  coincides  with  the  course  of  the  Cet'ni  between  the  town 
and  the  marsh  does  not  pass  into  the  Kavine,  but  somewhat  to  the  eastward. 
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I. — Thk  Extinct  Animals  of  Egypt.  A  Dksoriptitk  Catalogue 
OF  THE  Tkrtiaby  Ykbtebbata  OF  THE  FAxt^,  Egtpt,  based  on 
the  Collection  of  the  Egyptian  GoTernment  in  the  Geological 
Museum,  Cairo,  and  on  the  collection  in  the  British  Museum 
(Natural  History),  London.  By  Chables  William  Andrews, 
D.Sc,  F.R.S.  Printed  hy  order  of  the  Trustees  of  the 
British  Museum,  1906.  4to;  pp.  xxxviii  and  324,  with  a 
photogravure  page  frontispiece  of  the  skull  of  Arsinoitherium 
Zittelif  99  figures  in  the  text,  and  26  quarto  plates.  (London : 
sold  by  Dulau  &  Co.,  37,  Soho  Square,  W.,  and  other  Booksellers. 
Price  35«.) 

AMONG  recent  discoveries  in  palaoontology  none  have  excited 
more  interest  than  the  Lower  Tertiary  Vertebrate  faunas  of 
the  Fayum.  They  add  so  much  to  our  knowledge  of  the  primitive 
Mammalia,  especially  of  the  Hyracoidea,  Proboscidea,  Sirenia,  and 
Cetaoea,  that  an  exhaustive  account  of  them,  so  far  as  discovered, 
had  become  essential.  The  Trustees  of  the  British  Museum  have 
therefore  availed  themselves  of  the  generous  co- operation  of  the 
Egyptian  Government  to  produce  a  Descnptive  Catalogue  of  all 
the  more  important  fossils  by  which  these  ancient  faunas  are  at 
present  known.  The  collection  now  in  the  Geological  Museum, 
Cairo,  was  made  by  Mr.  H.  J.  L.  Beadnell  under  the  direction  of 
Captain  H.  G.  Lyons,  F.R.S.,  Director- General  of  the  Egyptian 
Surveys,  while  that  in  the  Geological  Department  of  the  British 
Museum  was  made  partly  by  Dr.  C.  W.  Andrews,  the  author  of  this 
Descriptive  Catalogue,  and  partly  by  donation  of  duplicates  from  the 
Egyptian  Government.  During  the  past  four  years  Dr.  Andrews  has 
had  the  opportunity  of  studying  both  these  collections  in  detail,  and 
has  himself  enjoyed  the  rare  pleasure  of  assisting  in  the  extraction 
of  many  of  the  specimens  from  the  matrix  in  the  Fayiim.  The  result 
is  the  present  valuable  monograph,  which  testifies  alike  to  the  ability 
of  the  author  and  the  wise  generosity  of  the  Trustees  in  instigating  its 
publication. 

The  Fayum,  the  lake-province  of  Egypt,  is  a  district  occupying  a 
depression  in  the  desert  to  the  west  of  the  Nile  Valley  opposite  Wasta, 
a  small  town  about  fifty-seven  miles  south  of  Cairo.  This  depression, 
which  is  roughly  circular  in  outline,  is  separated  from  the  river- valley 
by  a  belt  of  desert  varying  in  width  from  about  a  mile  and  a  half  to 
some  six  or  seven  miles,  and  crossed  at  one  point  by  a  canal,  the 
Bahr-el-Yusef,  which  runs  through  a  narrow  strip  of  low  ground, 
and  is  practically  the  only  source  of  water-supply  for  the  whole 
district.  The  water  thus  brought  in  from  the  Nile  is  distributed  by 
irrigation  canals  to  the  cultivated  part  of  the  district,  and  the  surplus 
eventually  finds  its  way  through  a  number  of  channels,  some  of  which 
form  picturesque  gorges,  to  the  lowest  part  of  the  depression,  occupied 
by  a  large  expanse  of  brackish  water,  the  Birket-el-Qarun.  This 
lake  is  about  twenty-five  miles  long,  with  a  maximum  width  of  only 
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miles ;  it  is  very  shallow,  the  maximum  depth  at  present  being 
)at  sixteen  or  seventeen  feet,  and  its  shores  in  most  places  are  very 
w  and  gently  sloping.  In  Pleistooene  times  the  floor  of  the 
)re88ion  was  occapied  by  a  body  of  water  of  vastly  greater  area 
.D  the  present  lake,  evidences  of  its  former  extent  being  found  iD 
)  widely  spread  lacustrine  deposits,  chiefly  clnys,  containing  in 
lition  to  numerous  Mollusoa,  remains  of  Elephaa  africanus, 
9popotamu8f  BuhaliSf  Canis,  together  with  those  of  Crocodiles, 
elonians,  and  Fishes.  In  one  or  two  places  also  numerous  stumps 
trees  of  considerable  size  occur,  indicating  that  iu  some  parts,  at 
St.  in  the  neighbourhood  of  the  water  the  country  was  wooded* 
ter,  within  the  historic  period  (2778  b.o.),  the  lake  was  converted 
0  an  artificially  controlled  reservoir,  Lake  Moeris,  and  was- 
ployed  to  regulate  the  supply  of  water  in  years  of  exceptionally 
;h  and  low  Nile  floods.  At  this  date,  though  smaller  than  the 
iier  Pleistooene  lake,  the  water-covered  area  was  far  greater  than 
the  present  time,  indications  of  its  former  extent  being  found  in 

shore-lines,  still  fringed  with  the  stumps  of  tamarisk  bushes,  and 
the  ruins  of  temples  and  cities.  These  remains  are  now  separated 
m  the  water  by  miles  of  desert.  Later  still,  probably  in  Ptolemaic 
les,  the  lake  ceased  to  be  used  as  a  reservoir,  and  the  quantity  of 
ter  admitted  to  the  Faytlm  was  limited,  so  far  as  possible,  to  the 
ount  actually  required  for  the  irrigation  of  the  district. 
^  page-size  geological  map,  reproduced  from  Mr.  H.  J.  L. 
adneirs  Report  on  the  Topography  and  Geology  of  the  Fay(im 
ovince  (Survey  Dept.  Cairo,  1905),  is  added  at  p.  vi  of  Dr.  Andre ws*^ 
Toduction,  on  which  report  the  geological  sketch  given  by  him  is 
inly  founded.* 

With  only  one  or  two  exceptions,  the  whole  of  the  vertebrate 
nains  described  in  the  oresent  volume  are  derived  from  the 
ddle  and  Upper  Eocene  deposits  lying  on  the  northern  side  of  the- 
:e.     The  list  comprises  : — 

Mammalia.  Reptilia. 

Arsinoitl^triitm^  2  species.  CrocodUus^  3  species. 

Saghatheriwn,  4  species.  Tomistoina,  3  species. 

MegalohyraXf  2  species.  Psephophonts  eoacuus, 

Mneritherinm^  4  species.  Testwio,  3  species. 

Falaomastodon,  4  species.  Thalassochclys  lihijcn. 

Phiomia  serridens.  Todocnemis^  2  specie?*. 

Barythaium  grave.  Stei'eogeut/s,  2  sjX'cies. 

Ancodon,  3  species.  Gigautophis  gari<tim. 

Rhagathrrium  (egyptiacum,  Ptcrosp/initiis  achiceinfurt/ii. 
GemohynSf  3  species.  Pisces. 

Eo»iren  Ubyca,  Fajumxa  schiceiufurthi. 

Hya^nodon  sp.  Socuopwa  grandis. 

Pterodon  africanus.  PrisUs  f'ajutnetisift. 

Apterodon  inaci'ognathus.  Proprintts  sch in  infurth i . 

Sinopa  ethiopica.  Eopristis  reiuachi'. 

Zeitgiodon,  2  species.  Aetobath  sp. 

Prozeuglodon  atrox.  Carcharodon  sp. 

AVES. 

Eremopezits  eocanus. 

See  also  **  The  Geology  of  the  Faydm  Province  of  Egj-pt " :  Geol.  Mao,,  1906^ 
»16. 


268  Revietc^—Dr.  C.  W.  Andrem— 

Taking  the    collections    in    the    Britiah   Mnseom   and    in    the 

Geological  Museum  at  Cairo  as  a  whole,  we  find  that  both  in  point 

of  numbers  and  interest  the  Mammals  are  by  far  the  most  important; 

next  to  these  come  the  Reptiles,  while  the  Birds  are  represented  by 

mere  fragments  of  a  single  species.     The  Mammals  fall  under  three 

sections — (1)  those  truly  endemic  to  the  Ethiopian  region ;  these  oocar 

both  in  the  Upper  and  Middle  Eocene  beds,  and  include  such  genera 

as  Mceriiherium,  Palaowiastodon,  ArsinoitkeriuMy  Rarjfiherium,  MegaUh 

hyrax^  Saghathertum,  and  perhaps   GentohjfUB ;  (2)  forms  of  which 

close  allies  occur  in  other  regions  in  approximately  oontemporaiy 

deposits ;  these,  so  far  as  at  present  known,  occur  only  in  the  Upper 

Eocene  beds,  ami  include  such  genera  as  Ancodon^  Rhagatherium, 

HyamodoH,    Pterodon,    ApterodoUj    and    Sinopa;     (3)     the    aqoatio 

Mammals  so  far  not  found  in  the  Upper  Eocene  beds,  and  comprising 

Eosiren,  Zeuglodon,  and  Prozenglodcn,    It  seems  probable  that  some  of 

these  last,  like  the  genera  included  in  section  (1),  are  of  endemic 

origin,  having  originated  from  land-mammals  inhabiting  the  region. 

Of  the  Subungtilates,  by  far  the  most  striking  of  the  new  forms 

is  Arsinoitlierium,  first  discovered  by  Mr.  Beadnell  in  1900,  and 

since  found  in  considerable  numbers,  so  that  nearly  all  parts  of  the 

animal  are  known,  and  a  complete  figtire  of  the  skeleton  is  given  on 

P-  60,  iV  nat  size.     Figures  of  the  great  bicomed  skull  were  given 

in  the  Geological  Magazin*  for  1903,  Plates  XXHI  and  XXIV. 

In  general  api>earance  AtBinoitheriHrn  must  have  been  somewhat 
like  a  large  and  heavily-built  Rhinoceros,  with  two  pairs  of  horns, 
the  larger  pair  upon  the  front  of  the  head  and  the  smaller  ones 
behind.     Unlike  the  horns  of  Rhinoceros,  these  were  solid  bony  out- 
growths of  the  skull,  although  most  likely  they  were,  in  life,  sheathed 
in  horn.      The  muzzle  was  very  narrow,  and  not  suited  for  grazing, 
and    the   animal   probably  browsed  on   low   bushes   and    herbage, 
grasping  its  itnnl  by  means  of  a  prehensile  tongue  or  by  a  mobile 
extension  of  the  snout  as  in  the  Tapir.     ITie  height  from  the  ground 
to  the  back  in  the  skeleton  did  not  exceed  G,  or  in  life  6^  to  7  feet 
Although  Aisiuoitherium  is  certainly  the  most  extraordinary  of  the 
Ungulates  found  in  these  beds,  the  remains  of  the  primitive  members 
of  the  Proboscidea  are  perhaps  of  greater  scientific  interest,  as  they 
lielp  to  fill,  at  least  to  a  large  extent,  one  of  the  most  obvious  gaps 
in  our  knowledge  of  the  extinct  Mammalia. 

Previous  to  tlieir  discovery  the  earliest  Proboscideans  known  were 
from  the  Lower  Miocene  of  Europe  and  North  Africa,  no  other 
earlier  tleposits  yielding  any  trace  of  them.  It  had  been  suggested 
by  Tullberg  and  others  that  Africa  was  a  centre  of  mammalian 
ra<1iation,  and  among  other  groups  that  the  Proboscidea  probably 
migrated  thence  in  the  early  Miocene. 

The  researches  of  Dr.  Andrews  have  proved  that  the  earliest 
traces  of  land  animals  from  the  Eocene  of  Africa  include  remains  of 
jnimitire  Proboscidea  as  well  as  early  forms  of  Hyraooidea,  Sirenia, 
and  perhaps  some  other  groui)S. 

The  earliest  known  form  of  Proboscidean  was  Masriiherium  from 
the  Middle  Eocene  extending  to  the  Upper  Eocene,    The  animal 
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was  about  tbe  8i2se  of  a  Tapir,  and  had  a  nearly  oomplete  Eutheriau 
dentition. 

This  was  followed  in  point  of  time  by  Palisomastodon,  represented 
by  four  species,  the  largest,  P.  headnelli,  being  about  the  size  of 
a  half-grown  Indian  elephant.  The  next  form,  Tetrabelodon 
arigustidens,  preceded  the  advent  of  the  Mastodon,  which,  in  its  turn, 
was  replaced  by  the  true  elephants  of  later  Tertiary  and  modern 
times. 

The  position  of  Barytherium  in  relation  to  the  other  Ungulates  is 
still  uncertain.  It  suggests  relationship  to  Uintatherium  and  to  the 
Pyrotheriidas,  but  more  remains  are  probably  needed  in  order  to 
speak  with  certainty  as  to  its  afiSnities. 

In  the  Faytlm  tbe  Sirenia  are  represented  by  one  genus  only, 
Eosiren,  but  in  the  earlier  Mokattam  Hills,  near  Cairo,  other  and 
more  primitive  types  occur.  There  seem^  considerable  evidence  in 
favour  of  de  Blainville's  view  that  they  are  intimately  related  to 
the  Proboscidea. 

Dr.  Andrews  has  also  worked  out  some  interesting  details  in 
regard  to  the  Zeuglodonts  of  the  Fayiim.  These,  taken  in  con- 
nection with  a  species  ProtocetuB  atavus  (described  by  Professor 
£.  Fraas)  from  the  limestone  of  Mokattam,  form  a  complete 
transitional  series,  as  regards  their  dentition,  from  the  Creodonts 
to  the  true  Zeuglodonts.  In  Prozeuglodon  the  canine  is  distinctly 
larger  than  the  teeth  before  and  behind  it,  and  the  premolars  have 
inner  buttresses,  supported  by  a  third  root. 

Numerous  figures  and  descriptions  of  Egyptian  Vertebrates  have 
already  appeared  in  the  Geological  Magazine  ;  namely,  in  1902, 
pp.  433-439,  PI.  XXI ;  1903,  pp.  225,  337,  529,  531 ;  1904, 
pp.  109,  157,  211,  481,  528;  1905,  p.  562.  It  is  not  therefore 
necessary  to  enter  more  fully  into  details  concerning  them  here. 

The  work  is  illustrated  by  a  fine  series  of  26  quarto  plates  (and 
a  frontispiece  of  the  skull  of  Arsinoitherium) ;  and,  what  is  also  of 
very  great  value,  no  fewer  than  98  very  carefully  prepared  text- 
figures  giving  most  accurate  details  of  the  bones,  teeth,  and  parts  of 
the  skeletons,  by  Miss  G.  M.  Woodward,  whose  name  also  appears 
on  fourteen  of  the  plates,  the  remainder  being  executed  by  Mr.  A.  H. 
Searle  and  Mr.  J.  Green. 

In  conclusion,  we  must  express  our  admiration  for  the  way  in 
which  the  author  has  completed  this  very  splendid  monograph,  tlie 
outcome  of  long  and  careful  study  of  the  great  series  of  remains 
obtained  during  four  Winters  spent  by  himself  in  the  Fayum,  in 
addition  to  those  obtained  by  Mr.  H.  J.  L.  Beadnell  for  the 
Egyptian  Geological  Survey,  which  are  likewise  incorporated  in  the 
present  work.  The  Trustees  of  the  British  Museum,  the  Egyptian 
Gk>vernment,  and  the  Survey  Department  may  also  be  congratulated 
upon  the  successful  issue  of  this  joint  memoir,  which  will  un- 
donbtedly  greatly  advance  our  knowledge  of  the  evolution  of  the 
Tertiary  Vertebrates,  more  especially  of  the  Proboscidea,  the  Sirenia, 
and  the  Zeuglodonts,  whose  past  history  was  so  obscure. 
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II. — The  Great  Felines  or  the  Fbbeoh  Cayes. 

jVIarcellin  Boule.  Les  grands  Chats  dbs  Cayernes.  Annales  de 
Paleontologie,  vol.  i  (1906),  pp.  69-95,  with  12  text-figures 
and  4  plates. 

4  S  au  introduction  to  this  excellent  memoir  the  oomparative 
j\,  osteology  of  the  lion  and  tiger  is  given,  accompanied  hy 
very  useful  outline  figures  of  the  characteristic  parts.  Then  follows 
the  description  of  the  large  Pleistocene  Feline  from  French  caverns, 
of  which  the  Paris  Museum  has  no  less  than  three  skeletons,  two  of 
them,  the  Yence  and  the  Cajarc  skeleton,  complete,  and  each  made 
up  of  the  hones  of  the  same  individual.  The  view  of  some 
palsBontologists,  that  the  large  Pleistocene  Feline  of  European  caves 
was  the  tiger,  is  discarded  ;  nor  does  the  author  consider  it  to  form 
a  separate  species ;  he  unites  it  with  Felh  leo,  of  which  it  is 
considered  to  be  a  race  (ipelaa).  The  skeleton  from  Yence  presents 
some  slight  characters  of  its  own ;  the  skull  has  the  '  leonine ' 
characters  exaggerated,  and  the  limbs  are  heavier  than  usual. 
Professor  Boule  calls  it  Felts  leo,  var.  Edtoardsi,  being  of  opinion 
that  it  seems  to  belong  to  an  earlier  stage  of  the  Pleistocene  than 
4 he  other  cave  lions,  and  that  it  might  therefore  be  considered  as 
iheir  ancestral  form.  We  fail  to  find  in  the  memoir  the  proofs  for 
the  contention  of  a  remoter  age  for  the  Yence  skeleton. 

The  memoir  concludes  with  a  chapter  on  the  geographical  and 
stratigraphical  distribution  of  the  cave  lion,  accompanied  by  a  map. 
Felia  arvemensis,  from  the  Pleistocene  of  France  and  Italy,  seems 
to  be  the  ancestral  form  of  the  cave  lion. 

The  new  Aniiales  de  PaUoniologie,  edited  by  Professor  Boule,  in 
the  first  volume  of  which  the  present  memoir  is  published,  are 
a  welcome  and  necessary  addition  to  the  existing  paladontological 
periodicals. 


III. — Desohiptions  of  New  Species  op  Testudo  and  Baesa,  with 
Re3iauk8  on  some  Ceetaceous  Forms.  By  Lawrence  M. 
Lambe,  F.G.S.,  F.li.S.C.  (Reprinted  from  the  OUawa  Naturalist, 
January  6th.  190(5,  pp.  187-196,  2  plates.) 

I.  THE  specimens  of  Testudo  described  in  this  paper  were 
collected  by  ^Ir.  Lambe,  along  with  other  vertebrate  remains, 
in  1904,  in  the  Oligocene  deposits  at  Bone  Coulee,  Cypress  Hills, 
Assiniboia.  They  were  found  separately,  but  appear  to  l>elong 
to  one  species,  hitherto  undescribed,  for  which  the  name  exornata  is 
proposed. 

The  tliree  specimens  upon  which  this  species  is  based  consist 
of  the  proximal  end  of  the  left  Ist  costal,  the  distal  half  of  the  left 
oth  costal,  and  the  proximal  end  of  the  left  6th  costal.  All  the 
specimens  have  a  grooved  surface,  the  grooves  of  the  left  Ist  costal 
])eing  concentric,  and  indicating  an  epidermal  shield  pattern  such  as 
is  foinid  in  some  modern  species  of  Testudo,  The  specimens  also 
«how  tliat   the   costal   plates  were  alternately  narrow  and   broad 
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distally,  and  broad  and  narrow  proximally,  a  oommon  obaraoter  of 
Testudo,  The  peculiarity  of  the  species  is  the  extreme  narrowness 
and  thickness  of  the  5th  costal  plate. 

II.  The  specimens  of  Ba€na  were  first  briefly  described  by 
Mr.  Lam  be  in  ''Contributions  to  Canadian  Palasontology  *'  (vol.  iii, 
4to,  pt.  2,  1902,  Geological  Survey  of  Canada) — "  On  Yertebrata  of 
the  Mid-Cretaceous  of  the  North- West  Territory."  They  were  there 
referred  to  Baena  Haicheri,  Hay,  from  the  Laramie  of  Converse 
County,  Wyoming.  Further  study  of  the  material  has  led  the  author 
to  a  different  conclusion,  and  he  now  regards  these  specimens  as 
belonging  to  a  new  species,  to  which  he  assigns  the  name  puLehra. 
They  were  collected  by  him  in  the  Belly  River  (Judith  Biver)  Beds 
of  Red  Deer  River,  Alberta,  near  the  mouth  of  Berry  Creek.  They 
'Consist  of  the  anterior  half  of  the  crushed  carapace,  with  the  entire 
plastron  of  a  single  individual,  and  of  the  anterior  half  of  the 
plastron  of  another  individual  of  slightly  larger  size. 

Critical  remarks  are  made  upon  other  species  of  Chelonia  from 
the  Belly  River  series  in  Canada,  viz.,  Trionyx  foveatus,  Leidy ; 
T.  vagans.  Cope;  Adocus  lineolatus,  Cope;  Basilemys  variolosua, 
0)pe ;  Baena  aniiqvMy  Lambe ;  and  Neurankylua  eximius,  Lambe. 
Three  other  species  from  the  same  horizon  are  also  referred  to; 
these  are  Plastomenui  coaleBcena,  Cope ;  P.  costatua,  Cope ;  and 
Compsemys  ogmius,  Cope.  A.  H.  F. 


IV. — Fossil  Flying  Fishes. 

FossiLE  Flugfische.     By  O.  Abel.     Jahrb.  k.k.  geol.  Reichsanst, 
vol.  Ivi  (1906),  pp.  1-88,  pis.  i-iii,  text-figs.  1-13. 

DR.  ABEL  has  recently  made  an  exhaustive  study  of  the  ganoids 
with  large  pectoral  fins  occurring  in  the  Trias  of  Austria, 
•Germany,  and  Italy.  He  has  arrived  at  the  conclusion  that  their 
outward  shape  was  very  similar  to  that  of  the  existing  *  flying  fishes  ' 
of  the  genus  ExocobIus,  He  has  therefore  been  led  to  prepare  an 
elaborate  memoir  on  *  flying  fishes  *  in  general,  treating  them  both 
from  the  geological  and  from  the  biological  point  of  view. 

Thoracopterua  Niederristi,  the  *  flying  fish  '  of  the  Alpine  Trias, 
was  discovered  long  ago,  but  Dr.  Abel  has  had  the  opportunity 
of  adding  much  to  our  knowledge  of  its  structure.  He  shows  that 
the  fins  are  arranged  exactly  as  in  the  modern  ExocoetnSf  with  the 
lower  lobe  of  the  deeply  forked  tail  distinctly  larger  than  tlio  upper 
lobe.  At  the  same  time  he  agrees  with  the  determination  of  the 
British  Museum  Catalogue,  that  the  fish  is  merely  an  aberrant 
member  of  the  family  Pholidophoridse. 

Thoracopierus  is  covered  with  regular  rows  of  rhombic  ganoid 
scales,  but  Dr.  Abel  now  describes  for  the  first  time  a  contemporaneous 
fish  of  nearly  the  same  shape,  which  is  characterised  by  at  least 
partial  absence  of  scales.  This  new  genus  and  species,  named 
Qiganiopterus  Ttlleri^  is  founded  on  a  well-preserved  specimen  about 
seven  inches,  in  length  from  the  Upper  Trias  of  Lunz. 
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the  rocks  beoome  more  and  more  foliated  in  appearance,  then 
igneous  material  begins  to  show  between  the  folia,  and  we  come  to 
half-igneous,  half-metamorphio  'banded  gneisses'  at  what  we  may 
take  as  the  junction.  Inside  the  igneons  mass  huge  fragments  of 
what  was  originally  schist  may  often  be  seen,  which  by  fusion  and 
impregnation,  in  the  absence  of  stirring  movements,  fully  bear  out 
Professor  Cole's  contention  that  **  masses  of  quartz-diorite  arise 
as  products  of  admixture  where  granite  intrudes  into  more  basic 
masses." 

Of  course,  normal  contact  rocks  are  seen  where  the  old 
sedimentaries  are  invaded,  but  from  what  has  been  said  on  the 
question  of  relative  age,  it  will  be  inferred  that  this  is  comparatively 
rare.  I  have  nevertheless  been  able  to  record  from  time  to  time 
the  presence  of  nearly  all  the  characteristic  contact  minerals,  like 
andalusite,  fibrolite,  kyanite,  cordierite,  etc.,  chiefly  from  'Banded 
Ironstone'  junctions.  But  the  granite  masses  have  kept  as  a  rule 
well  within  bounds,  and  rarely  break  through  their  covering  of  the 
old  Basement  schists  or  those  of  igneous  origin.  But  in  the  absence 
of  actual  invasion  by  a  granite  mass,  it  is  fairly  obvious  whether  or 
no  the  latter  must  be  regarded  as  intrusive.  The  usual  intense 
folding  of  the  schists  leaves  little  room  for  doubt  as  a  rule,  for  rocks 
involved  in  movements  which  have  left  the  granite  undistnrbed  must 
necessarily  be  of  greater  age. 

I  am  afraid  some  of  the  points  discussed  above  may  be  regarded 
as  of  a  rather  obvious  nature.  My  excuse  for  putting  them  into 
writing  must  be  that  they  are  seldom  referred  to  in  geological  works 
and  are  almost  persistently  overlooked  in  dealing  with  the  structure 
of  metamorphic  areas. 


M 


IV. — The  Biveb  Cbfni  in  Anglkset. 

By  £dwa&d  Greenly,  F.G.S. 

ANY  years  ago,  when  discussing  the  origin  of  the  Menai  Straits, 

attention  was  drawn  by  Eamsay  to  the  existence  of  several 

other  valleys  running  in  the  same  direction,  north-east  and  south-west. 
Not  only  is  this  the  case,  however,  but  the  valleys  of  the  dominant 
system  that  traverses  the  plateau  of  Anglesey  have  the  same  trend, 
ridge  and  trough  alternating  with  wonderful  regularity,  as  far,  at 
any  rate,  as  Llanerchymedd,  a  distance  of  some  12  miles  from 
the  Straits. 

Much  less  conspicuous,  for  the  most  part,  though  more  numerous 
than  at  first  sight  appears,  are  certain  valleys  running  at  right  angles 
to  those  of  the  dominant  system,  and  therefore  north-west  and 
south-east.  They  may  drain  either  to  north-west  or  south-east. 
They  are  unlike  those  of  the  dominant  system  in  almost  ever}* 
particular.  Those  are  long  and  straight :  these  are  short  and 
sharply  winding.  Those  are  broad  and  relatively  shallow,  these 
narrow  and  i*elatively  deep.  Those  are  generally  bounded  by  gently 
eloping  sides,  these  by  steep  and  even  precipitous  sides.    Much  the 
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largest  is  that  through  which  the  railway  has  been  taken,  just 
beyond  the  little  market  town  of  LlangefnL 

The  River  Cefni  is  the  name  given  to  a  very  complicated  system 
of  streams,  which,  with  all  its  branches,  drains  some  60  square  miles 
of  the  interior  of  Anglesey.  Entering  the  great  hollow  of  the 
Malldraeth  Marsh,  which,  as  is  well  known,  belongs  to  the  dominant 
system,  on  its  north-west  side,  at  a  point  about  a  mile  below 
Llangefni,  the  combined  waters  then  turn  round  to  the  south-west, 
and  find  their  way  out  to  sea  in  Malldraeth  Bay. 

The  Malldraeth  Marsh  is  practically  at  sea-level,  and  until  the 
year  1788^  was  flooded  by  the  sea  at  spring  tides.  It  was  then 
reclaimed,  and  the  river  embanked  and  straightened  for  a  distance 
of  some  six  miles  from  its  mouth ;  but  the  deserted  meanders  of  the 
old  river  can  be  traced  in  many  places  as  a  series  of  stagnant, 
crescent-shaped  pools  along  the  alluvial  plain. 

Between  the  Marsh  and  Llangefni  the  river  runs  a  little  east 
of  south  in  a  comparatively  open  valley,  chiefly  out  in  Carboniferous 
rocks.  But  at  Llangefni  it  emerges,  rather  suddenly,  from  a  ravine, 
which  is  excavated  in  schists  and  quartzites  of  the  ancient  complex, 
with  a  general  N.E.-S.W.  strike.  This  ravine  extends  for  about 
1^  miles,  almost  exactly  north-west,  and  is  the  most  striking  valley 
of  the  kind  in  the  island.  It  is  140  feet  deep  at  the  wood's  end  by 
Pandy,'  and  in  places  less  than  400  feet  wide  at  the  top,  with 
precipitous  and  rocky  sides,  and  it  describes  bold  and  sweeping 
curves  in  its  course.  In  short,  it  is  a  perfectly  typical  water-cut 
valley,  and  differs  in  the  most  striking  manner  from  the  valleys  of 
the  dominant  type. 

But,  at  its  upper  end,  instead  of  proceeding  from  an  upland 
bellow  in  the  same  direction,  we  find  that  it  issues,  almost  at  right 
angles,  from  the  side  of  a  N.E.-S.W.  valley  of  the  dominant  type, 
which  extends  for  several  miles  to  right  and  left  of  the  exit. 

Now  this  hollow,  which  may  be  called  the  Trefollwyu  Valley, 
after  a  farmhouse  in  it  near  the  railway,  does  not  open  out  to  the 
south-west  like  the  Straits,  the  Malldraeth,  and  most  others  of  the 
class.  It  is  a  closed  oval  basin,  and  its  waters  all  converge  to 
the  head  of  the  Cefni  Bavine,  and  pass  out  that  way  at  a  point 
midway  along  its  south-eetst  side. 

The  further  upper  waters  are  very  complex,  and  raise  problems  of 
their  own,  which  cannot  be  dealt  with  in  this  paper,  and  which, 
indeed,  I  do  not  feel  that  I  understand.  But  the  anomalous  system 
here  described  seems  to  throw  some  light  on  the  relation  of  the 
two  types  of  valley  and  their  mode  of  origin.  For  the 
TrefoUwyn  Valley  could  not  have  been  in  existence  when  the  Cefni 
Bavine  was  in  course  of  excavation.  Its  south-west  barrier,  at  Tai 
Mona,  on  the  Holyhead  Bead,  is  less  than  150  feet  above  sea-level, 

^  Information  kindly  supplied  by  Mr.  Thomas  Prichard,  of  Llwydiarth  Esgob, 
Anglesey,  from  the  records  of  the  Drainage  Commissioners. 

'  I  am  indebted  for  this  measurement  to  the  kindness  of  Mr.  Tobias  Clegg,  F.G.S., 
of  LUngefni  County  School,  who  very  ingeniously  determined  it  by  means  of  a  kind 
of  extemporized  tiieodolite. 
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whereas  the  highest  pail  of  the  plateau  trenohed  by  the  Ravine 
is  about  200  feet  (see  Map),  so  that  the  waters  of  a  lake  lying  in  the 
basin  would  have  ohosen  the  south-west  exit  and  deepened  that 
channel. 

Nor  oan  we  postulate  in  this  case  an  ioe-dam  suoh  as  those  that  have 
been  appealed  to  with  such  striking  success  in  Cleveland  and  other 
regions.  There  is  not  the  smallest  evidence  of  such  a  dam,  the 
glaciation  being  steadily  from  north-east  to  south-west,  with  mere 
local  variations  of  direction. 

All  the  evidence  goes  to  show  that  the  TrefoUwyn  Valley  is 
the  later. 

Now,  nearly  opposite  to  the  exit  at  the  Bavine's  Head,  a  small 
stream  enters  the  TrefoUwyn  Valley  on  its  further  side,  after  a  course 
of  about  a  mile  from  the  north-west.  It  has  no  name  on  the  maps, 
but  the  railway  has  been  carried  quite  near  to  its  south-west  banks. 
It  is  cut  in  rock,  not  merely  in  drifts. 


Sketch-map  of  part  of  course  of  River  Cefni. 

This  channel  is  in  the  natural  position  for  the  apparently  vanished 
upper  portion  of  the  Cefni.  The  fall  would  be  slight,  but  there 
would  be  a  fall,  enough  to  make  such  a  continuation  possible,  and 
ample  if  we  allow  for  cutting  back  as  well  as  cutting  down  of  the 
lower  part  of  the  course.  How,  then,  did  it  come  to  be  so  strikingly 
severed  from  its  lower  portion  by  the  broad  valley  of  TrefoUwyn  ? 

Admitting  that  'subsequent'  tributaries  of  the  Cefni  may  have 
initiated  that  hollow,  it  is  not  easy  to  see  how,  with  so  short  a  course 
and  so  slight  a  fall,  especially  from  the  south-west  (if,  indeed,  there 
was  not  a  fall  to  the  south-west,  which  seems  much  more  likely), 
they  could  have  produced  one  of  such  dimensions,  for  it  is  both  deep^ 
and  broad. 

*  It  is  floored  by  alluvium,  and  its  real  bottom  may  even  be  below  the  level  of  the 
rock  at  the  exit. 
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Nor  does  underground  structure  help  us  in  any  way.  Tliough  it 
18  likely  enough  that  there  may  he  some  fault  or  line  of  weakness 
along  the  hollow,  there  is  certainly  none  of  any  importance.^ 

Let  us  consider  the  relation  of  the  two  valley  systems  to  the  . 
greatest  of  Post-Tertiary  events,  the  Glacial  Period.  The  valleys 
of  the  dominant  system  coincide,  as  is  well  known,  with  the  general 
direction  of  glaciation,  and  contain  ahundance  of  Glacial  Drift.  They 
are  either  of  Glacial  age  or  older,  and  if  we  admit  the  possihility  of 
glacial  erosion,  may  have  been  produced  by  the  ice,  as  was  suggested 
by  Ramsay,  or,  at  any  rate,  deepened  and  enlarged  by  it 

The  Kavine,  lying  directly  across  the  path  of  the  ice,  cannot  have 
been  produced  by  it,  and  must  be  either  Pre-  or  Post- Glacial.  It 
must  therefore  be  Pre-Glacial,  as  we  have  seen  that  it  must  be  older 
than  the  TrefoUwyn  Valley.  Confirmation  of  this  is  found  in  the 
presence  in  its  bottom  of  Boulder-clay,  undisturbed  as  far  as  I  can 
see,  at  the  south  point  of  the  great  bend  west  of  Pandy. 

The  Cefni,  then,  is  a  Pre-Glacial  river. 

If  now  we  suppose  that  it  received  two  small  'subsequent' 
tributaries  from  north-east  and  south-west,  which  met  near  the 
farmhouse  of  TrefoUwyn,  and  that  their  combined  hollows  were 
deepened  and  greatly  widened  by  glacial  erosion  to  form  the  large 
valley  of  that  name,  we  shall  be  able  to  understand  the  severance  of 
the  two  portions  of  the  Pre-Glacial  Cefi^i,  the  production  of  the 
curious  closed  oval  hollow,  and  the  anomalous  configuration  and 
drainage  of  the  present  day. 

Indeed,  it  seems  probable  that  in  Pre-Glacial  Anglesey  the 
drainage  to  north-west  or  south-east  was  much  more  continuous  and 
systematic  than  it  is  now,  and  that  the  history  of  the  present 
anomalous  drainage  cannot  be  understood  without  reference  to  the 
events  of  the  Glacial  Period. 

A  curious  and  very  interesting  consideration  in  connection  with 

the  ancient  river  Cefni  is  that,  in  the  earlier  stages  of  its  history, 

far  back  in  Pre-Glacial  time,  there  must  have  been  a  fine  waterfall 

close  to  where  is  now  Llangefni  Station.    For,  at  that  point,  the  river 

has  cut   through  a  lenticular  band  of  very  hard   quartzite,  about 

100  feet  thick,  which  is  conspicuous  from  the  Station,  as  of  it  are 

<K)mposed  the  white  crags  below  the  fir-trees  just  opposite.    Kesisting 

erosion  much  more  strongly  than  the  schist  on  either  side  of  it, 

it  gives  rise,  even  now,  to  a  rapid.     In  the  early  stages  of  erosion 

this  rock,  while  freely  allowing  the  river  to  cut  back  to  it  from 

below,  must  have  retarded  cutting  down  in  its  rear  for  a  very  long 

time :    and  consequently  for  long  ages  a  fine  cataract  must  have 

poured    over  a  crag  some  80  or  100  feet  in  height.     Like  Gray's 

Sower  in  the  famous  Elegy,  it  came  into  being,  and  then  dwindled 

gradually  away,  unwatched  by  any  but  the  old  wild    beasts,  and 

perhaps  by  some  men  almost  as  wild. 

*  A  fault  which  partly  coincides  with  the  course  of  the  Cefni  between  the  town 
and  the  marsh  does  not  pass  into  the  Ravine,  but  somewhat  to  the  eastward. 
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The  remarkable  folding  and  faulting  of  the  reg^ion  is  well  shown 
in  the  Model  and  further  explained  in  the  Guide.  Thus  we  have 
normal  faults,  strike-faults,  step-faults,  eto.,  and,  above  all,  the  great 
overtbrust  fault  so  conspicuous  in  its  effects  at  Ballard  Point. 
Here  the  fracture  is  traceable  for  two  miles  inland,  where  it  is  cut 
off  by  a  cross-fault,  and  beyond  this  there  is  no  positive  evidence  of 
its  existence  as  a  fault  in  connection  with  the  Chalk  ridge  to  the 
westward.  The  age  of  the  several  folds  and  the  evidence  of  earlier 
folds,  proving  the  fact  of  recurrent  folding  on  permanent  lines  of 
weakness,  are  also  discussed. 

After  glancing  at  the  river  system,  Mr.  Strahan  concludes  with 
a  stratigraphical  summary  of  the  beds  from  the  Kimmeridge  Clay  to 
the  Lower  Bagshots,  and  this  may  be  regarded  €is  an  epitome  of 
the  several  formations  as  developed  in  that  district.  The  section 
dealing  with  the  Chalk  is  of  especial  interest,  since  it  is  admitted 
that  no  reliable  subdivision  of  the  Chalk,  of  more  than  local  value, 
is  possible  except  on  palssontological  grounds.  The  zonal  tables  of 
Dr.  Barrois  and  Dr.  Howe  are  added.  The  aggregate  thickness 
of  the  Secondary  formations  is  estimated  at  rather  more  than  4,500 
feet  in  the  eastern,  and  rather  less  in  the  western,  part  of  the  region. 


VIII. — Geolooioal  Survey  of  Western  Australia..  By  A.  Gibr 
Maitlamd,  F.G.S.,  Government  Geologist.  Bulletins  Nos.  8,  9, 
and  11  to  20.     8vo.     Perth,  W.A.,  1903-1906. 

IT  is  satisfactory  to  observe  that  West  Australia,  which  originated 
in  the  old  Swan  Biver  Settlement,  though  the  last  to  attain 
equal  rank  with  its  sister  dependencies  of  the  Australian  Common- 
wealth, is  in  no  way  behind  them  in  the  enterprising  spirit  that 
ministers  so  largely  to  the  material  progress  of  a  new  country. 
Proof  of  such  progress  is  to  be  found  in  the  excellent  reports,  issued 
under  the  authority  of  the  Minister  of  Mines,  here  under  review. 
Besides  these  Bulletins  annual ''  Progress  Keports  "  have  been  issued 
since  1897  which  contain  information  relating  to  the  Survey 
administration,  gold  and  other  mining,  general  geology,  and  the 
all-important  subject,  in  mining  districts,  of  water  supply.  The 
publications  encourage  and  enjoin  the  use  of  scientific  methods  to 
aid  in  the  rougher  and  more  practical  side  of  mining  work,  and 
accordingly  Mr.  Gibb  Maitland  and  his  able  associates  have  directed 
their  principal  energies  to  the  scientific  examination  of  ore  deposits, 
and  especially  to  that  of  the  precious  metal. 

Mr.  Maitland  supplies  a  preliminary  report  on  the  geological 
features  and  mineral  resources  of  the  Pilbara  Goldfield  (1904),  which 
had  not  been  examined  since  Mr.  H.  P.  Woodward,  the  then  Govern- 
ment Geologist,  reported  upon  it  about  ten  years  previously.  This 
report  is  accompanied  by  geological  and  mining  maps  explanatory 
of  the  text,  which  runs  to  110  pages.  It  is  stated  that  those  parts  of 
the  Pilbara  Goldfield  embraced  in  the  report  are,  on  the  whole, 
promising,   the   '  reefs '   giving    every   indication    of    permanence. 
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Facilities  for  transport  are,  however,  much  needed,  if  the  resources 
of  the  district  are  to  be  properly  developed.  The  stratigraphioal 
seqaence  of  the  district  examined  is  for  the  present  largely  con- 
jectaral ;  the  presence  of  Tertiary,  Cambrian,  and  ArcbsBan  rocks  is 
assumed,  but  with  doabt. 

In  a  later  report  (Balletin  No.  20, 1905)  Mr.  Maitland  continaes 
his  examination  of  the  Pilbara  GK>ldfield  in  greater  detail,  describing 
various  mining  centres  with  their  auriferous  deposits.  This  report 
is  illustrated  with  plates,  textual  figures,  and  coloured  maps  and 
sections. 

Bulletin  No.  11  (1903)  contains  Mr.  Maitland's  notes  on  the  North 
Coolgardie  Goldfield,  a  detailed  account  of  the  mines  of  this  famous 
region,  illustrated  with  sketch-maps.  He  also,  with  the  assistance 
of  Mr.  C.  F.  y.  Jackson,  supplies  in  Bulletin  No.  16  an  account  of 
the  mineral  production  of  Western  Australia  up  to  the  end  of  the 
year  1903.  This  report  is  accompanied  by  a  map  of  Western 
Australia,  showing  the  goldfields  and  other  mining  districts,  and  the 
distribution  of  useful  minerals,  which  include  gold,  silver,  iron, 
copper,  lead,  tin,  diamonds,  coal,  mica,  graphite,  etc. 

The  geological  features  and  mineral  resources  of  the  Northampton 
district  are  dealt  with  by  Mr.  Gibb  Maitland  in  Bulletin  No.  9 
(1903),  which  contains  Appendices  by  Messrs.  H.  P.  Woodward, 
J.  Provis,  and  £.  S.  Simpson.  This  district  was  first  explored  by 
Mr.  Henry  Y.  Lyell  Brown  in  1871,  who  was  at  that  time  Govern- 
ment Geologist;  his  report  being  followed  in  1888  by  that  of 
Mr.  H.  P.  Woodward,  who  also  wrote  an  able  report  upon  the 
copper  and  lead  mines  of  the  district  in  1895.  The  principal  object 
of  attainment  was  the  accurate  mapping  of  certain  igneous  rocks 
(basic  dykes)  which  might  afford  a  guide  as  to  the  horizontal 
extension  of  the  metalliferous  minerals,  and  thus  assist  the  operations 
of  private  enterprise. 

llie  work  of  Mr.  Charles  G.  Gibson,  Assistant  Government  Geo- 
logist, is  recorded  in  Bulletins  8,  12,  14,  and  17.  The  geology  and 
the  auriferous  and  other  mineral  deposits  of  the  North  Coolgardie, 
Mnrchison,  and  Tilgam  Goldfields  were  investigated.  The  ''Auri- 
ferous Series "  of  the  Murchison  Goldfield,  which  contains  the 
gold-bearing  rocks,  consists  of  ''  persistent  zones  of  schist  and  allied 
metamorphic  rocks.'*  The  most  profitable  of  the  gold-bearing  rocks 
are  the  greenstones,  though  certain  quartz  rooks  occurring  in  the 
granite  are  also  auriferous.  Maps,  plates,  and  textual  figures 
accompany  and  elucidate  all  these  reports. 

Finally,  we  may  note  Mr.  C.  F.  V.  Jackson's  reports  (Bulletins 
Nos.  13  and  18)  on  portions  of  North  Coolgardie  and  Moimt 
Margaret  Goldfields.  These  contain  much  detailed  information 
concerning  the  geological  features,  mines,  and  auriferous  deposits 
of  the  districts  surveyed,  with  ample  illustrations  of  all  kinds,  as 
well  as  maps  and  sections.  A.  H.  F. 
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IX. — Beport  on  Qbolooioal  Explobations  IK  THE  West  akd 
North- West  or  South  Australia.  Prepared  ander  the  authority 
of  the  Minister  of  Mines,  hy  H.  Y.  L.  Brown,  F.G.S.,  Govern- 
ment Geologist.  Also  Contributions  to  the  Pal^bontoloot  of 
South  Australia,  by  B.  Etheridgb,  jun.,  Curator,  Australian 
Museum,  Sydney,  pp.  1-11  and  13-17,  map  and  plates,  folio. 
(Adelaide,  1905.) 

THE  records  of  this  exploration,  the  principal  objeot  of  which  was 
to  define  the  boundary  and  limits  of  the  Cretaceous  Water- 
bearing area  in  the  west  and  north-west  portions  of  South  Australia, 
are  put  into  the  form  of  a  diary  as  the  explorer  and  his  party 
proceeded  slowly  through  the  somewhat  desolate  country  through 
which  their  route  lay.  Leaving  Adelaide  in  April,  1904,  they 
reached  their  destination  in  August  of  the  same  year.  Their  journey 
conducted  them  over  tablelands,  plains,  and  downs  of  Mesozoio 
(Lower  and  Upper  Cretaceous)  rocks,  through  which  protruded  at 
intervals  outliers  of  quartzose  sandstone,  quartzite,  and  slate,  striking 
N.N.W.,  and  dipping  at  low  angles.  The  presence  of  these  outliers 
of  Palaeozoic  rocks  is  of  importance  in  selecting  sites  for  boring  for 
water,  as  they  constitute  the  bed-rock  of  the  artesian  basin  in  the 
district. 

Numerous  bores  have  been  struck  at  Stuart's  Creek  Station,  some 
of  which  are  in  proximity  to  the  natural  artesian  springs. 

The  most  successful  bores,  not  in  the  proximity  of  springs,  are  the 
J.  H.  Angas  bore,  depth  962  feet,  yielding  1,400,000  gallons  per  diem, 
and  the  New  Year's  Gift,  depth  237  feet,  yielding  300,000  gallons  per 
diem.     The  depths  of  the  other  bores  range  from  33  to  740  feet. 

At  another  boring,  that  of  Lake  Pbillipson,  bituminous  shale, 
yielding  petroleum  on  distillation,  was  met  with  at  depths  of  312 
and  393  feet.  This  boring  gave  favourable  indications  of  the  existence 
of  artesian  water. 

The  rest  of  the  diary  consists  of  a  daily  record  of  the  distance 
traversed  and  the  rocks  encountered  until  on  the  5th  August 
"  Charlotte  Waters  "  was  reached,  where  the  record  terminates. 

A  great  drawback  to  the  correct  delineation  of  the  shoreline  of  the 
Lower  Cretaceous  artesian  area  is  the  accumulation  of  sand,  as  sand- 
hills and  sand-plains.  Loam  and  other  surface  deposits  also  cover 
a  large  extent  of  the  interior  of  the  country,  hiding  the  underlying 
rocks.  The  Tertiary  and  Upper  Cretaceous  deposits  also  overlie 
rocks  of  older  date  than  the  Lower  Cretaceous,  and  owing  to  the 
level  nature  of  the  surface  of  the  country  sections  showing  the 
sequence  of  the  rocks  seldom  occur.  The  boundaries  can  therefore 
only  be  laid  down  approximately.  Boring  can  alone  determine  what 
rock  formations  exist  between  the  Becent  and  Tertiary  deposits  and 
the  bed-rock. 

On  the  return  journey  Mr.  Lyell  Brown  made  a  collection  of  fossils 
from  the  Lower  Cretaceous  rocks  at  Dalhousie  Springs.  These  were 
forwarded  to  Mr.  R.  Etheridge,  Curator  of  the  Australian  Museum, 
Sydney,  whose  descnption  of  them  is  embodied  in  this  report     The 
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fossils  were  foand  in  a  hard  limestone  oocnrring  in  bonlders,  and 
embedded  masses  in  the  soft  argillaceous  clay  and  shale  which  is  the 
prevailing  rock  formation  of  the  neighbourhood. 

The  collection  is  "interesting  from  the  fact  that  it  increases  the 
Domber  of  forms  from  the  South  Australian  rooks  in  question  by  five 
species  not  hitherto  recorded  therefrom,  and  also  confirms  the 
identification  of  two  others  previously  known  only  from  scanty  or 
imperfect  material/*  The  genera  represented  are  the  following : 
Aueeila,  Inoeeramus,  Hapheeras,  Aniioeerai,  Aneyloeeras,  Crioceras, 
and  Nautilus  (CpnaioeeraB  ?).  The  species  of  ilncy/ocera^  (A.  eordy- 
eepoides)  is  new.  A.  H.  F. 


X. — Gkologioal  Subvby  of  Canada..  Bobkbt  Bell,  M.D.,  F.B.S., 
I.S.O.,  etc.,  Acting-Director.  Beoent  Mineral  Disoovebibs  on 
WiNDT  Arm,  Taoish  Lake,  Yukon.  By  R  G.  MoConnbll, 
B.A.     8vo.     Ottawa,  1905. 

THESE  discoveries  proved  so  interestiug  that  an  examination  of 
the  district  was  deemed  advisable.  Tagish  Lake  forms  part 
of  a  chain  of  long,  narrow  lakes,  originating  within  the  coast  range 
of  mountains  and  extending  northward  and  eastward  for  a  distance  of 
nearly  seventy  miles.  Windy  Arm  joins  Tagish  Lake  near  its  head, 
and  extends  south  for  a  distance  of  twelve  miles.  The  Windy  Arm 
mining  district  consists  chiefiy  of  wide  valleys  intersecting  each 
other,  separated  by  mountain  ridges  rising  from  4,000  to  5,000  feet 
above  the  valleys.  The  mineral  area  is  situated  a  few  miles  north 
of  the  great  granite  area  of  the  coast  range. 

The  rocks  out-cropping  along  the  lower  part  of  Windy  Arm 
consist  of  a  wide  band  of  crystalline  limestone,  followed  to  the  south 
by  hard  slates  and  shales,  passing  in  places  into  fel spathic  quartzites. 
This  clastic  series  is  cut  off  and  replaced  about  five  miles  above  the 
mouth  of  the  Arm  by  an  eruptive  rock  of  a  porphyritio  character, 
exposures  of  which  out-crop  along  the  shores  of  the  Arm  for 
a  distance  of  about  five  miles.  The  porphyrite  is  followed  southward 
by  strongly  cleaved,  dark  argillites  and  fine-grained  tufaceous 
sandstones,  alternating  with  bands  of  conglomerates  and  limestone. 
No  data  sufficient  to  determine  the  age  of  these  rocks  were  obtained, 
though  they  are  less  altered  than  the  slates  and  associated  rocks 
north  of  the  porphyrite  area.  The  porphyritio  rock  separating  the 
two  series  of  clastic  rocks  constitutes  the  principal  metalliferous 
formation  of  the  district.  It  crosses  from  Windy  Arm  to  Bennett 
Lake  in  a  band  about  four  miles  in  width,  and  also  extends  some 
distance  east  of  Windy  Arm. 

A  granite  area  about  three  miles  in  width  occurs  on  Lake 
Bennett,  north  of  the  porphyrites  and  associated  rocks.  The  granite 
Is  similar  in  character  to  that  of  the  coast  range,  and  probably 
belongs  to  the  same  period  of  igneous  activity. 

The  largest  and  most  persistent  mineral  veins  so  far  discovered 
oociir  in  the  porphyrite  area. 
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The  metallio  minerals  oontained  ia  the  veins,  the  gangue  of 
whioh  is  mainly  qnartz,  include  the  following:  Native  Silver  in 
small  spangles,  and  in  a  wire-like  form;  Argentite;  Stephanite; 
Freibergite ;  Pyrargyrite  (ruby  silver) ;  Qalena  (usually  highly 
argentiferous) ;  Chaloopyrite ;  Native  Copper ;  Malachite  and  Azurite 
(due  to  the  leaching  out  of  the  copper  in  the  Tetrahedrite  and 
Freibergite);  Iron  Pyrite;  Arsenopyrite ;  Pyrrhotite;  Sphalerite 
(zinc-blende). 

The  most  valuable  product  of  the  veins  is  the  silver ;  the  ferruginous 
portion  of  the  vein  is  stated  to  carry  also  gold  in  remunerative 
quantities. 

A  detailed  description  is  given  of  the  development  of  the  mining, 
the  general  outlook  being  considered  exceedingly  promising.  The 
mining  conditions  are  not  unfavourable  as  regards  the  situation 
of  the  veins,  cost  of  supplies,  railway  communication,  and  other 
desiderata.  A.  H.  F. 


XL — Gbologioal  Subvky  of  Canada.  Bobbbt  Bmu*,  I.S.O., 
M.D.,  F.B.S.,  etc.,  Acting-Director.  Annual  Report,  Vol.  XIV, 
Part  J.  Report  on  the  Geology  of  a  Portion  of  Eastern 
Ontario  (to  accompany  Map-Sheet  No.  119).  By  R.  W.  £1x8, 
LL.D.,  F.R.S.C.    8vo ;  pp.  1-89,  map.     (Ottawa,  1904.) 

rilHIS  report  concerns  the  geology  and  mineral  resources  of  the 
X  Area  south  of  the  Ottawa  River,  where  it  is  bounded  on  the 
north  by  a  line  extending  west  from  the  vicinity  of  Amprior  to  a 
point  a  few  miles  north  of  Clear  Lake  in  the  county  of  Renfrew,  and 
on  the  south  by  a  line  east  from  Sharbot  Lake  to  a  point  a  few  miles 
south  of  Smith's  Falls.     It  embraces  an  area  of  3,456  square  miles. 

The  geological  formations  represented  in  the  area  comprised  in 
this  map-sheet  are  the  following : — 

Post-Tertiary. 
Utica  shales. 
Trenton. 
Black  River. 

Chazy  shales  and  limestones. 
Calciferous  and  Potsdam  sandstone. 
Mica,  chlorite,  and  hornblende  schists  and  amphibolites, 
with  some  conglomerates. 

The  most  interesting  part  of  the  report  is  the  discussion  of  the  age 
of  the  crystalline  rocks,  the  history  of  which,  dating  back  for  nearly 
fifty  years,  is  very  exhaustively  treated,  and  a  lucid  account  of  the 
views  held  by  the  older  authorities — Logan,  Macfarlane,  Hunt, 
Vennor,  Selwyn — is  supplied.  The  later  work  of  Messrs.  Adams 
and  Barlow  is  also  adverted  to  by  the  author,  who  himself  began  in 
1891  and  the  three  following  years  the  detailed  examination  of  the 
area  north  of  the  Ottawa,  in  the  typical  district  where  the  rocks  of 
the  Grenville  series  of  the  Canadian  geologists  were  first  studied. 
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The  rooks  in  the  area  surveyed  are  roughly  divided  into  four 
groups,  viz. : — 

I.  Granite-gneiss  and  syenite,  which  apparently  represent  the 
oldest  series  upon  which  the  others  rest. 

II.  Gneiss,  sometimes  highly  quartzose  and  gametiferous,  certain 
portions  passing  upward  into  limestones. 

m.  Amphibolites  with  schists,  sometimes  micaceous,  sometimes 
•chloritic,  hornblendio  or  dolomitic,  with  altered  slates  and  true 
eonglomerates  and  limestones. 

lY.  Granites  and  diorites,  some  of  which  are  clearly  intrusive  and 
newer  than  the  rocks  which  they  penetrate. 

A  full  description  of  these  rocks,  geological  and  topographical,  is 
given  under  the  headings  "  Underlying  granite-gneiss  series  "  and 
*'  Newer  Limestone,  schist  and  gneiss  series." 

The  succeeding  sections  of  the  report  refer  chiefly  to  the  economic 
minerals  found  in  the  area  surveyed.  The  most  important  of  these 
are  iron,  gold,  silver,  galena,  nickel,  mica,  apatite,  graphite,  corundum, 
and  felspar,  besides  other  economic  products,  including  building 
stones,  brick  clays,  shell-marl,  lime,  and  peat. 

A  short  account  of  the  glacial  geology  with  a  list  of  strise  is 
supplied,  and  an  appendix  contains  preliminary  lists  of  fossils  by 
Dr.  H.  M.  Ami,  with  some  interesting  notes  on  the  fauna. 

The  coloured  map  (compiled  by  Mr.  Joseph  Keele)  which 
accompanies  the  report,  is  drawn  to  a  scale  of  four  miles  to  the  inch 
and  has  copious  geological  notes  in  the  margin.  A.  H.  F. 
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Geologioal  Society  of  London. 

L — April  4th,  1906.— R  S.  Herries,  M.A.,  Vice-President,  in  the 
Chair.     The  following  communications  were  read : — 

1.  "  On  a  Case  of  Unconformity  and  Thrust  in  the  Coal-measures 
of  Northumberland."  By  Professor  G.  A.  L.  Lebour,  M.A.,  M.Sc, 
F.G.8.,  and  J.  A.  Smythe,  M.Sc,  Ph.D. 

The  sections  described  occur  on  the  coast  north  of  the  Tyne,  near 
Whitley  Sands,  between  Table  Rocks  and  Briar  Dene  Burn.  The 
base  of  the  '*  Table  Rocks  Sandstone  "  is  found  to  rest  unconformably 
upon  a  series  of  alternating  shales  and  sandstones,  among  which 
18  a  well-marked  band  of  clay-ironstone  crowded  with  Carbonicola 
aeutaf  one  of  those  '  mussel  bands '  which  are  found  to  be  perhaps 
the  most  remarkably  persistent  strata  in  the  North  of  England 
Carboniferous  rocks.  According  to  the  correlation  of  the  Geological 
Survey,  this  particular  band   is  the  one  that  is  well  known  as 
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opourring  a  little  way  above  the  Low  Main  coal-seam.  The  entire 
junction,  so  far  as  it  can  be  seen  at  the  base  of  the  cliffs  and  on 
the  foreshore,  many  parts  of  which  are  only  swept  clear  during 
exceptional  weather,  has  been  studied  as  opportunity  offered  during 
a  series  of  years.  The  unconformity  is  shown  by  discordance  in  dip, 
by  overlap  of  the  Table  Bocks  Sandstone,  and  by  the  existence  of 
a  pebble-bed,  containing  fragments  of  the  mussel  band  and  other 

girts  of  the  underlying  series,  in  the  lower  part  of  this  sandstone, 
ut  the  upper,  more  massive,  beds  in  the  section  have  been  thrust 
in  a  northerly  direct ioti  over  the  lower  and  more  yielding  beds,  the 
plane  of  gliding  corresponding  accurately  along  pcurts  of  the  section 
with  the  plane  of  erosion.  Towards  the  north  of  the  section  the 
beds  of  the  upper  series  are  weakened  by  intercalated  bands  of  shale, 
and  then  differential  action  has  been  set  up.  The  result  is  that  the 
thrust-plane  is  no  longer  a  simple  one  coinciding  with  the  uncon- 
formity, but  extends  some  way  above  it  The  effects  of  the  thrust 
are  seen  in  the  ploughing  up,  folding,  and  faulting  of  the  lower 
series,  in  the  penetration  of  tongues  of  sandstone  from  the  upper 
series  into  the  lower,  in  the  curling  up  and  shattering  of  the  pebble- 
bed,  in  the  puckering  and  hardening  of  the  shale,  and  in  the 
blending  of  fragments  of  various  rocks  subjected  to  its  influence. 
The  marks  of  intense  action  are  practically  confined  to  the  surface 
of  the  beds  of  the  lower  series.  The  action  of  the  thrust  is 
markedly  rhythmical,  and  its  effect  is  to  mask  the  unconformity ; 
and  the  great  discordance  in  dip  which  is  at  times  produced  is 
no  criterion  of  the  unconformity.  Although  the  amount  of  rock 
removed  by  intro-Carboniferous  denudation  from  the  lower  series 
is  unknown,  chemical  and  other  evidence  is  given  to  show  that 
the  lower  series  has  undergone  weathering  and  some  leaching  oat 
of  constituents  in  the  interval  between  the  two  series. 

2.  '^  The  Carboniferous  Succession  below  the  Coal-measures  in 
North  Shropshire,  Denbighshire,  and  Flintshire."  By  Wheelton 
Hmd,  M.D.,  B.S.,  F.B.C.S.,  F.G.S.,  and  John  T.  Stobbs,  F.G.S. 

This  paper  opens  with  a  critical  account  of  previous  research 
among  the  Carboniferous  rocks  of  North  Wales,  chiefly  the  work  of 
the  late  G.  H.  Morton,  Mr.  B.  Kidston,  and  Mr.  A.  Strahan.  There 
follows  a  detailed  account  of  the  various  beds,  exposed  in  numerous 
quarries  worked  for  road-metal,  iron  manufacture,  lime,  cement, 
chert,  or  building  stone.  Fossil  lists  are  given  from  each  exposure 
of  importance.  The  lower  series  of  the  Carboniferous  Limestone,, 
as  developed  in  the  Bristol  area,  was  never  deposited  in  this  district, 
where  the  lowest  beds  contain  fossils  characteristic  of  a  comparatively 
late  phase  of  the  Carboniferous  Limestone  Period.  Whether  this 
was  due  to  irregular  configuration  of  the  ocean  floor  of  that  age, 
or  to  contemporaneous  earth  movement  of  a  regional  character, 
cannot  as  yet  be  determined.  The  base  of  the  limestone  is 
characterized  by  Daviesiella  (Produchu)  llangollensiB,  and  appears 
to  correspond  with  the  junction  of  the  Upper  Seminula  and  Lower 
Dihunophyllum  Beds  of  the  Bristol  area.    The  next  limestones  in 
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asoending  saoceflsion  are  oharaoterized  by  the  presence  of  Bibuno' 
pkyliwn  0  and  Cyaihophyllum  Murchisoni,  fossils  which  indicate,  in 
the  Bristol  area,  the  life-zone  which  immediately  underlies  the 
Lonsdalia  Beds.  These  two  life  -  zones  have  been  named  by 
Dr.  Yaugban  the  Lower  and  Upper  Dihunophyllum  zones  respec- 
tively. The  Cyaihcixonia  Beds  and  the  cherts  are  equivalent  to 
a  zone  higher  than  the  Upper  DibunophyUum  zone  of  Bristol, 
and  not  represented  there.  The  black  limestones  (containing 
Fo9idonomya  Becheri)  with  shales,  at  Teilia,  Holywell,  and  near 
Bagillt,  which  occur  above  the  cherts,  are  the  homotazial  equivalents 
of  the  Pendleside  Series.  The^e  beds  are  followed  by  the  Gwespyr 
Sandstone,  which  is  correlated  with  the  Millstone  Grit  A  range- 
table  is  given  of  the  chief  brachiopods  and  corals,  and  the  palsaonto- 
logical  sequence  is  compared  with  that  occurring  at  Bristol  and 
in  the  North  of  England.  A  few  notes  on  the  palasontology 
oondnde  the  paper,  and  Dr.  B.  H.  Traquair  appends  a  short 
description  of  a  new  species  of  Elonichihys,  occurring  in  the  Holy- 
well Shales. 


IL— April  25th,  1906.— J.  E.  Marr,  Sc.D.,  F.RS.,  Vice-President, 
in  the  Chair.    The  following  communications  were  read  : — 

1.  "Trilobites  from  Bolivia,  collected  by  Dr.  J.  W.  Evans  in 
1901-1902."     By  Philip  Lake,  M.A.,  F.G.S. 

Several  horizons  are  represented  by  these  fossils.  Two  speciipenH 
of  Peltura,  probably  from  the  Upper  Liugnla  Flags,  were  collected  at 
Cochaiya,  about  3  miles  north-east  of  Pata.  New  species  of  Symphy- 
8uru8  and  TrinueleuSf  probably  of  Arenig  age,  were  found  about 
a  mile  from  Apolo,  Province  of  Caupolican.  An  indeterminable 
species  of  Ogygia  was  obtained  from  the  right  bank  of  the  Biver 
Cbobl,  in  the  same  province.  Fhacops  cf.  arhuiem,  Dalmamtea 
Paituna,  and  D.  Maecurua  were  collected  in  the  track  from  Apolo  to 
San  Jose  de  Chupiamonas,  also  in  the  province  of  Caupolican.  The 
nodules  from  which  they  were  derived  are  probably  of  Lower 
Devonian  age.  Descriptions  are  given  of  the  new  species  and  other 
forms  mentioned.  It  is  worthy  of  remark  that,  while  the  earlier 
forms  show  affinities  with  the  contemporaneous  European  fauna,  the 
Devonian  species  are  much  more  closely  allied  to  those  of  South 
Africa  and  North  America. 

2.  "Graptolites  from  Bolivia,  collected  by  Dr.  J.  W.  Evans  in 
1901-1902."  By  Ethel  M.  R.  Wood,  D.Sc.  (Communicated  by 
Dr.  J.  W.  Evans,  LL.B.,  F.G.S.) 

In  black  pyritic  shales  from  three  localities  several  specimens 
^f  Didymograptus  were  collected  ;  one  referable  to  bifidus,  one  of  the 
type  of  ajfinis,  and  one  of  the  Nicholsoni  type.  Fhyllograptus, 
QlosBograptus,  Oryptograptus,  and  Diplograpius  were  also  obtained. 
k  pale,  silky  grey  shale  shows  also  rare  graptolites,  belonging  to 
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a  species  comparable  with  Cliniacograpttu  eonfertus.  These  forms 
indicate  that  both  the  black  and  the  pale  shales  belong  to  horizons 
in  the  Upper  Arenig  rocks  (Lower  Llanvim  of  Hicks). 

3.  "The  Phosphatic  Chalks  of  Winterbourne  and  Boxford 
(Berk8hire)."  By  Harold  J.  Osborne  White,  F.Q.S.,  and  Llewellyn 
Treacher,  F.G.S. 

Data  collected  in  the  district  dealt  with  in  this  paper  suffice  to 
show  that  the  more  or  less  Phosphatic  Cbalks  above  the  UintacrinuS' 
band  lie  in  a  trough  or  basin,  the  formation  of  which  antedates  the 
deposition  of  the  Beading  Beds.  When  the  area  of  observation  is 
extended,  it  is  found  that  the  Utntaerinus  Chalk  of  that  tract  itself 
lies  in  a  structural  depression.  In  view  of  the  development  of 
phosphatic  and  of  hard,  rocky  beds,  indicative  of  slow  and  inter* 
rupted  sedimentation,  in  the  underlying  cor-anguinum  zone,  it  seems 
not  unlikely  that  this  basin  is  an  original  or  inherent  feature  of  the 
Chalk  directly  attributable  to  a  local  attenuation  of  that  zone ;  but 
the  authors  believe  the  depression  to  be  due  mainly  to  di£ferential 
earth  movements,  of  which  there  are  many  indications.  The 
exposures  are  found  in  the  eastern  (Winterbourne)  and  western 
(Boxford)  sides  of  a  spur  lying  in  the  angle  between  the  converging 
valleys  of  the  Lambourn  and  the  Winterbourne.  On  the  eastern 
side  the  following  succession  is  recognized : — 

1 .  Reading  Beds  of  the  Borough  Hill  outlier. 

2.  Chalk  vfith.  some  flints.  >  Zone  of  Aetitwcamax 
'S.  I^hosphatic  Chalk.  /     quadratut, 

4.  Phosphatic  Chalk.  irar<t<pt^««-band.  5  ^one  of  ManuviUt 

0.  Very  feebly  phosphatic  Chalk.  Uintacrinut'haxid.  j  ^ 

6.  Chalk  with  tabular  flints.  )  Zone  of  Mtcrtut^eor" 

7.  Chalk  with  flints.  j      anguinum. 

and  on  the  western  side — 

1.  Reading  Beds. 

2.  Phosphatic  Chalk.  ZoJUd  oi  A,  quadraUu, 

3.  Phosphatic  Chalk.  Marmpitet-hdCEA,  \  7„^    .  ir,-^.,-*-. 

4.  Feebly  phospliatic  to  normal  Chalk.     UintacrintU'bafid.  ]  ^^^  ^^  Martupttct. 

5.  Xormal  flinty  Chalk. 

6.  Phosphatic  Chalk.  I  rr^^^^t -mr-^    * 

7.  Nomlal  flinty  Chalk.  \  ^^"^^*  irurra*<«-eor- 

8.  Phosphatic  Chalk.  \     «'»^''««««- 

9.  Normal  flinty  Chalk.  / 

The  maximum  thickness  of  the  Phosphatic  Chalk  Series  is  about 
130  feet  Detailed  accounts  of  the  various  exposures  are  given,  as 
also  lists  of  fossils  from  the  various  bands,  and  an  account  of  the 
microscopic  features  of  washed  residue  from  the  softer  chalks  of  the 
pit  a  quarter  of  a  mile  north-west  of  Winterbourne  Church.  This 
yields:  (1)  pieces  of  Inoceramus  shell,  the  majority  unphosphatiased; 
(2)  foraininifera,  frequently  phosphatized ;  (3)  angular  chips  of 
scales,  bones,  and  teeth  of  fishes;  (4)  irregular,  angular,  or  sub- 
angular  lumps  and  platy  pieces  of  calcite,  probably  in  the  main 
fragments  of  oysters ;  (5)  rod-like  objects,  smooth,  oylindrical,  or 
tapered— probably  spines  of  echinoids  ;    (6)   ooprolites  of  sinall 
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fislies,  eto. ;  (7)  tests  of  entomostraoa ;  (8)  quartz  in  sabangular 
and  well-rounded  grains ;  (9)  blaok  granules,  apparently  of  iron- 
oxides  ;  (10)  rich-brown,  polished  phosphatio  concretions ;  and 
(11)  dull-green  grains,  imperfectly  rounded.  These  constituents  are 
enumerated  as  nearly  as  possible  in  order  of  abundance. 

The  Winterboume-Boxford  phosphates  have  a  known  range  in 
time  considerably  greater  than  those  of  Taplow.  Their  advent  far 
down  in  the  cor-an^tttfium  zone  is  especiidly  interesting;  for  in 
England,  as  Mr.  Jukes-Browne  has  remarked,  that  subdivision  of 
the  Chalk  almost  everywhere  ''  presents  the  appearance  of  having 
been  quietly  and  continuously  accumulated  in  water  that  was  seldom 
disturbed  by  bottom  currents,"  albeit  a  tendency  to  develop  hard 
bands  at  one  horizon,  at  least,  is  apparent  in  the  western  part  of 
the  London  Basin.  The  Phosphatio  Chalks  of  Winterboume  and 
Taplow  evidently  mark  places  on  the  sea-floor  particularly  liable  to 
the  impingement  of  strong  currents,  and  may  mark  places  above 
which  the  water  commonly  had  a  gyratory  motion.  In  any  case, 
their  zonal  range  argues  a  marked  degree  of  stability  in  the  current- 
system  of  the  body  of  water  in  which  they  were  laid  down. 
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THE    TRIMMINGHAM    CHALK    AS    A    ZONE. 

Sib, — I  hope  you  will  allow  me  at  this  late  hour  to  reply  to 
Mr.  Jukes-Browne's  letter  in  your  February  number.  It  raises  some 
very  large  questions  which  cannot  be  adequately  dealt  with  in  a 
letter,  but  I  should  like  to  define  my  position. 

It  appears  to  me  that  the  term  '  zone  '  is  applied  indiscriminately 
to  at  least  two  different  conceptions.  One  of  them  is  what  may  he 
labelled  the  '  international  zone.'  This  covers  the  great  ill-defined 
subdivisions  which  persist  over  large  areas  embracing  more  than  one 
natural  province,  and  by  which  we  correlate  the  equally  ill-defined 
local  territorial  names  such  as  '  Norwich  Chalk,'  '  Maestrioht  Chalk,' 
'  Meudon  Chalk,'  etc.  These  correlations  are  interesting,  but  of  little 
practical  value,  as  the  zones  themselves  are  rarely,  if  ever,  accurately 
defined. 

The  other  conception  above  referred  to  is  what  may  be  called  the 
'  provincial  zone.'  Each  of  these  zones  contain  such  a  thickness  of 
sediment  as  from  place  to  place  over  a  natural  province  (whether 
made  natural  by  modem  geographical  or  ancient  geological  conditions) 
contains  throftghoui  {pace  Mr.  Jukes- Browne)  some  well-marked  form 
which  is  comparatively  scarce  or  altogether  absent  both  above  and 
below.  These  zones  have  upper  and  lower  limits  which  are  well 
defined  either  palssontologically  or  stratigraphically,  often  in  both 
ways.  They  are  therefore  capable  of  practical  application  by  tlio 
pit-worker,  who  most  stands  in  need  of  help,  and  through  him  by  allied 
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sciences.  The  'zone  of  JCfar«ttjnte«/  to  which  Hr.  Jukes-Browne 
appeals,  is  one  of  the  finest  possible  examples  of  what  I  mean.  The 
<  zone  of  Marsupites,*  introduced  by  Barrois,  was  an  international  zone. 
It  was  adopted  from  a  country  in  which  not  much  was  known  about 
it,  and  it  had  not  even  received  a  separate  name;  its  upper  boundary 
for  England  was  wholly  undefined,  its  lower  boundary  was  only 
defined  in  the  Margate  area  by  a  physical  character  which  Barrois 
only  thought  he  recognised  again  in  the  Sussex  area,  and  there 
wrongly  according  to  Dr.  Bowe,  and  the  type  fossil  only  occurs  in 
about  40  feet  out  of  some  300  feet  attributed  to  this  zone  by  Barrois. 
I  do,  though  I  gather  Mr.  Jukes-Browne  will  disapprove,  most 
strongly  urge  the  limitation  of  the  *  zone  of  Marsupites,'  for  the  south 
of  England  at  any  rate,  to  the  important  bed  of  very  uniform  thickness 
and  position  in  the  series  which  contains  Marsupitei  *^  in  every  foot,^ 
and  outside  wliich  Marsupites  is  practically  non-existent  Can  theve 
be  any  doubt  as  to  which  of  these  two  zones  is  the  more  logical  and 
practically  useful  ? 

Now  it  so  happens  that  the  international  zones  introduced  by 
Barrois  up  to  and  including  the  zone  of  M.  cor-teiiudinarium  are 
sound  provincial  zones  for  the  south  of  England,  answering  (except 
in  the  case  of  the  zone  of  B,  plena)  very  well  to  what  Mr.  Jukes- 
Browne  considers  such  an  unreasonable  test,  i.e.  the  occurrence  of  the 
type  fossil  in  every  foot  of  the  zone.  But  that  does  not  make  it  any 
the  less  desirable  if  we  are  establishing  a  new  zone  to  establish  the 
most  accurately  defined  one  that  we  can.  Does  Mr.  Jukes-Browne's 
zone  of  0.  lunata  satisfy  the  reasonable  requirements  of  scientific 
accuracy  ?  How  would  he  define  its  upper  and  lower  boundaries  ? 
Clearly  not  by  the  appearance  and  disappearance  of  0.  Iwiata,  for 
there  are  at  least  10  feet  of  chalk  exposed  at  Trimmingham  below 
the  lowest  occurrence  of  this  species  and  anything  from  25  feet 
upwards  above  the  highest  occurrence,  and  I  cannot  see  any  other 
possible  criterion.  Tlie  zone  of  *  Terebrattdina '  which  I  propose 
begins  where  Terehratulina  gracilis  appears  (and  I  am  in  hopes  of 
satisfying  myself  that  this  is  just  above  the  hard  yellowish  bed,  in 
which  case  the  zone  of  B.  mucronata  would  have  at  Trimmingham 
an  upper  boundary  defined  both  physically  and  palsdontologically), 
and  will  end  where  T,  gracilis  disappears,  unless  before  that  point 
is  reached  some  other  fossil  worthy  of  being  made  a  zone  fossil 
conies  in.  The  only  objection  I  can  see  to  my  zone  of  Terehrattdina 
will  be  removed  when  the  characteristic  fossil  of  the  zone  below 
that  of  U.  planus  is  properly  named,  and  I  hope  we  shall  not  have 
to  wait  much  longer  for  this. 

R.  M.  Bbtdons. 

16,  South  Audley  Street,  W. 

[Erratu3i. — In  Mr.  R.  M.  Brydone's  article  in  February  number, 
Geol.  Mag.,  190G,  p.  77,  line  33  from  top  of  page,  for  'blending' 
read  *  banding.' — Edit.  Geol.  Mag.] 
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PROFESSOR    EUQENE    RENEVIER, 
Fob.  Mbmb.  Qkol.  Soo.  Lond. 

Bo&N  26th  MA&cfH,  1831.  Died  4th  Mat,  1906. 

With  deep  regret  we  record  the  death  of  Professor  Eugene 
Benevier,  son  of  a  distinguished  lawyer  (Charles  Benevier).  He 
was  bom  at  Lausanne  on  the  26th  March,  1831,  and  died,  through 
an  accidental  fall  from  a  lift,  on  May  4tb.  Towards  the  age  of  17 
he  began  to  follow  the  lectures  at  the  polytechnical  school  of 
Stuttgart,  where  he  became  intimate  with  Oppel.  He  seems  to  have 
remained  for  aboat  three  years  at  Stuttgart.  In  1851  we  find  him 
doing  work  with  Professor  Pictet  at  Geneva,  where  he  prepared  his 
^'Memoire  g^ologiqne  sur  la  Perte  du  Rhone,"  published  in  1854. 
In  the  same  year  we  find  him  working  in  Paris,  under  Professor 
Hebert,  on  the  Nummulitic  deposits  of  the  Alps. 

In  1856  he  began  his  teaching  at  the  Lausanne  Academy,  starting 
with  lectures  on  zoology;  and  in  1858  he  began  the  teaching  of 
geology.  The  present  year  was  the  fiftieth  anniversary  of  his 
academic  teaching,  and  was  to  have  been  celebrated  by  his  friends  in 
Lausanne  with  unusual  honour. 

In  1893  Professor  Benevier  presided  at  the  Meeting  of  the 
Societe  Helvetique  des  Sciences  Naturelles,  convened  at  Lausanne. 
In  1894  he  was  President  of  the  Sixth  International  Geological 
Congress  at  Zurich.  He  took  a  very  active  part  in  all  the  Inter- 
national Congresses ;  and  from  the  first  he  was  Member  of  the 
Commission  for  the  Unification  of  Nomenclature. 

He  was  the  founder  and,  from  the  commencement,  President  of 
the  Swiss  Geological  Society. 

For  the  above  particulars  we  are  much  indebted  to  the  courtesy 
of  Professor  Maurice  Lugeon,  Professor  of  Geology  in  the  University 
of  Lausanne,  Switzerland.  C.  I.  F.  M. 

The  following  is  a  list  of  the  principal  publications  of  Professor 
Benevier  (there  are  about  100  in  all)  : — 

M(anoire  geologique  sur  la  Perte  du  Rhone  (Nouv.  Mem.   Soc.  Hclv.  Sc.   Nat., 

Tol.  xiv,  1854). 
Description  des  foesiles    du    Nummulitique    8up6rieur    de   Gap,    Diabloreta,    etc. 

(en  collab.  aTCC  Prof.  Hebert)  (Bull.  Soc.  stat.  Isdrc,  iii,  et   Bull.    Geol. 

Fr.,  Her.  ii,  xi,  1854). 
Geological  and  Pala?ontological  Notes  on  tlio  Alps  of  Vaud : — 

(1)  Intralias  et  zone  a  AvicnJa  eontoria  (Bull.  Soc.  Vaud.  Sc.  Nat.,  viii,  1864). 

(2)  Mawif  de  roidenhorn  et  Col  de  Pillon  (Bull,  id.,  viii,  1S65). 

(3)  Environs  de  Cheville  (id.,  1866). 

(4)  (Avec  F.  J.  Pictet)  Cephalopodes  de  Cheville  (id.,  1866). 

(5)  Comjdcment  de  la  Faune  do  ChevDlc  (id.,  1868). 

(6)  Gisements  fossilif^es  houillers  du  Bas  Valaig  (id.,  1879). 
Tableaux  des  terrains  s^kUmentaires  ^Bull.  Soc.  Vaud.  Sc.  Nat.,  xiii,  1874). 
Structure  g^logique  du  Massif  du  Simplon  (id.,  xv,  1878). 

Bapport  au  Congr^s  Geol.  International  do  Bologna  sur  I'unification  des  proc6d^ 
graphiques  (C.R.  Congr.  Bologna,  1881). 
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Etude  g6oIogique  sur  le  noaveaa  projet  de  tunnel  coud6  au  trayers  du  Simplon  (en 
collab.  avec  Heim,  Lor)',  Taramelli)  (Bull.  Soc.  Yaud.  Sc.  Nat.,  xix,  1883). 

Lea  Facids  g^ologiques  (Arch.  Sc.  phys.  et  nat.  Gen^ye,  xii,  1884). 

Monographie  des  Hautes  Alpee  Vauaoises  (Mat.  Carte  g^l.  Suisse,  xyi"^  liyraison, 
1890). 

Chronographe  g^ologique  (C.R.  Congr^  g6ol.  Int.,  YI'  session,  Zurich,  1894). 


CHARLES    EUQENE    DE    RANGE, 
Assoc.  M.  Inst.  C.  E.,  F.G.S. 

BoBN  NovEMnEK  22,  1847.  Died  May  9,  1906. 

Wb  regret  to  record  the  death  of  Mr.  C.  E.  De  Hance,  which  took 
place  at  Blackpool  on  the  9th  May  from  an  accident  on  the  28th 
April,  at  the  age  of  58  years. 

He  was  the  son  of  Colonel  De  Ranee  of  the  French  National 
Guard,  who  was  exiled  from  France  at  the  Reyolution  in  1848. 
His  mother  was  also  a  native  of  France,  her  father,  Colonel  Turquand, 
having  been  likewise  a  refugee  in  1848. 

C.  E.  De  Banco  was  educated  at  King's  College  School,  London, 
and  subsequently  trained  in  the  engineering  office  of  B.  W.  Mylne, 
F.B.S.  He  joined  the  staff  of  the  Geological  Survey  in  1868,  and. 
as  remarked  by  Professor  A.  C.  Bamsay,  then  Director  for  England 
and  Wales,  De  Banco  during  his  first  year  '*  surveyed  a  large  tract 
with  the  skill  of  an  old  geologist.'^  The  field-work  carried  out  by 
him  was  mainly  in  Lancashire,  Cheshire,  and  Flintshire,  and  in  doe 
course  he  wrote  memoirs  on  the  *'  Geology  of  the  oountty  between 
Liverpool  and  Southport"  (1869),  "Geology  of  the  country  around 
Southport,  Lytham,  and  South  Shore"  (1872),  "Geology  of  the 
country  around  Blackpool,  Poulton,  and  Fleetwood"  (1876),  and 
"  Superficial  Geology  of  the  country  adjoining  the  coasts  of 
S.W.  Lancashire  "  (1877).  To  some  other  memoirs  he  also  con- 
tributed notes.  Practical  geology  gradually  absorbed  his  chief 
interest.  He  acted  for  many  years  as  Secretary  of  the  British 
Association  Committees  on  the  Circulation  of  Underground  Waters 
and  on  Coast  Erosion,  and  in  1882  he  published  a  book  on  "  The 
Water  Supply  of  England  and  Wales."  As  an  expert,  his  advice 
was  sought  in  many  contested  cases.  In  later  years  his  enthosiasm 
and  his  ability  to  carry  on  scientific  work  declined,  and  in  1898  he 
resigned  his  appointment  on  the  Geological  Survey,  bat  continued 
to  the  end  in  private  practice  as  a  consulting  mining  and  water 
engineer  at  Blackpool. 

Among  his  earlier  papers,  more  especially  noteworthy  are  those  on 
the  Gault  of  Folkestone  and  on  the  Cretaceous  strata  in  the  south- 
west of  England,  published  in  the  Geolooioal  Magazine  (1868  and 
1874).  Other  subjects  from  time  to  time  engaged  his  attention,  sooh 
an  Glaciation  and  Cave-deposits.  As  a  man  who  commenoed  his 
career  with  such  marked  ability,  it  is  sad  to  think  that  be  did  not 
live  to  fulfil  the  high  expectations  of  his  early  friends. 
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Tbimminohah  Chalk. 

By  B.    M.    Bbydonb,    F.O.S. 
(WITH  18  TBXT-PIOUBES.) 
(Conehtded  from  the  March  Number ^  p,  131.) 

BEFORE  prooeeding  to  the  desoription  of  new  speoiefl  it  may 
perhaps  be  well  to  make  a  few  remarks  on  the  olassifioation  of 
the  Oretaoeous  Polyzoa  and  in  particular  of  the  Oheilostomata,  the 
•aborder  which  embraoes  all  the  species  I  propose  to  describe. 

The  main  features  of  D'Orbigny's  classification  of  the  Oyclostomata 
have  been  generally  accepted,  but  his  classification  of  the  Cheilo- 
stomata  has  sa£fered  vety  severely  at  the  hands  of  subsequent  authors 
both  in  principle  and  in  detail.  It  was  based  very  largely  on  two 
principles,  one  the  generic  importance  of  habits  of  growth,  and  the 
other  the  generic  importance  of  variations  in  the  number  and  position 
of  the  dwarfed  aviculariau  appendages  which  he  called  'pores 
sp6ciaux.'  The  latter  principle  has  been  entirely  discarded  by 
recent  authors,  and  with  undoubted  justice,  as  it  involves  the  assump- 
tion of  the  perfect  regularity  of  the  most  irregular  feature  of  the 
Cbeilostomatous  cell.  The  application  of  the  other  principle  and  the 
importance  attributed  to  it  have  been  gradually  more  and  more 
reatricted,  until  we  have  reached  a  stage  where  it  is  still  generally 
admitted  to  hold  good  in  the  case  of  the  Lunulitidsd  and  Hippothoidee, 
but  on  the  strength  of  the  behaviour  of  certain  recent  and  Tertiary 
species  has  been  denied  even  specific  importance  in  the  other 
Gheilostomatous  families.  It  is  time  that  a  protest  was  entered 
against  this  rigid  application  of  conclusions  drawn  from  Tertiary 
and  recent  forms  to  the  classification  of  Cretaceous  forms.  It  is 
unfortunately  the  case  that  D*Orbigny,  by  an  oversight  in  applying 
his  principle  in  detail,  laid  it  unnecessarily  open  to  attack.  It  must 
be  obvious  that  even  if  the  principle  be  fully  accepted,  the  separation 
which  jyOrbigny  made  between  the  free  and  encrusting  unilamellate 
e.g.,  SemieBchara  and  CeUepora^  SemiflmireUa  and  Bepto- 


eUa,  must  be  unsound.     It  is  quite  impossible  to  say  that  any  of 
the  free  unilamellate  forms  found  in  the  Chalk  grew  free.    8«^V9^^^ 
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and  other  perishable  bodies  must  have  been  fairly  plentiful  in  the 
Chalk  sea — in  the  zone  of  B,  quadrcUa  we  find  great  numbers  of  free 
small  Serpuia  (ampu/Zacea  and  granulata)  whose  bases  show  dearly  that 
they  grew  attached  to  some  long  slender  body,  no  doubt  a  seaweed — 
and  any  specimens  whioh  had  grown  attached  to  such  perishable  bodies 
would  now  be  indistinguishable  from  those  whioh  had  never  been 
encrusting.  These  two  forms  of  growth  are,  in  fact,  not  unfrequently 
shared  by  Cretaceous  species,  e.g.,  Homalostega  veepertilio  and 
Crihrilina  Gregoryi,  though  the  majority  of  encrusting  forms  are 
practically  never  found  free,  and  some  free  forms,  e.g.  Semiesehara 
Canui  (post) ,  are  never  found  encrusting.  If  D'Orbigny 's  unilamellate 
genera,  which  are  separated  only  by  this  point  of  growth,  be  merged, 
we  have  left  a  number  of  genera  based  on  habits  of  growth  which 
constitute  for  the  Cretaceous  forms  convenient  and  often  natural  groups 
which  do  not  seriously  overlap.  No  doubt  they  are  artificial,  hot 
that  is  not  yet  a  destructive  criticism  of  any  classification  of  the 
Polyzoa. 

But  though  it  may  well  remain  a  matter  of  individual  opinion 
whether  habits  of  growth  are  of  any  value  in  the  definition  of 
genera,  I  do  not  think  that  any  field  student  of  the  Cretaceous 
Cheilostomata  would  deny  them  great  value  in  the  definition  of 
species.  It  is  very  rare  in  the  English  Chalk  for  any  species  to 
occur  in  more  than  one  habit  of  growth  (treating  the  free  and 
encrusting  unilamellate  forms  of  growth  as  identical).  A  better 
test  could  hardly  be  offered  than  the  two  very  similar  Onyohocells 
figured  respectively  by  D'Orbigny  as  CeUepora  Parinmuis  and  by 
Beissel  as  ^schara  galeata  (the  latter  species  is  the  one  oommonly 
identified  as  B.  Lamarcki,  but  which  corresponds  only  to  Beissel's 
figure  of  E,  galeata),  E,  galeata  is  a  bilamellate  form  and  the  most 
abundant  Cheilostome  at  all  horizons  above  the  zone  of  M,  cor- 
testudinarium.  The  specimens  whioh  have  passed  through  my 
hands  must  run  well  into  tens  of  thousands,  yet  I  have  only  one 
encrusting  specimen  and  no  mature  free  unilamellate  specimen, 
notwithstanding  that  it  commonly  grows  from  an  unilamellate  base. 
CeUepora  ParistensiSf  on  the  other  hand,  is  one  of  the  oommonest 
encrusting  species,  and  I  must  have  seen  thousands  of  specimens, 
yet  I  have  no  bilamellate  specimen  (and  only  one  free  unilamellate 
specimen).  Stronger  testimony  to  the  fidelity  of  these  species  at 
any  rate  to  a  certain  habit  of  growth  can  hardly  be  possible,  and 
nearly  all  species  of  Cretaceous  Cheilostomata  show  equal  or  nearly 
equal  fidelity.  Here,  then,  we  have  a  point  of  considerable 
importance,  in  which  the  rigid  application  to  Cretaoeous  forms  of 
canons  of  classification  derived  from  the  study  of  Tertiary  and 
recent  forms  is  very  undesirable. 

Another  such  point  is  to  be  found  in  the  prevailing  tendency  to 
unite  Cretaoeous,  Tertiary,  and  recent  specimens  In  one  species. 
This  involves  the  genend  assumption  that  polyps  whioh  produce 
skeletons  whioh  cannot  be  distinguished  mu$t  be  identical  in 
organisation.  We  can  admit  the  absolute  propriety  of  this  assump- 
tion in  the  case  of  specimens  more  or  less  contemporaneous  and  yet 
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be  free  to  doubt  whether  it  must  neoessarily  hold  good  in  the  case 
of  specimens  of  widely  differing  age.  The  Polyzoa  are  a  particularly 
good  group  in  which  to  test  this  alleged  persistence  of  Cretaceous 
forms  into  recent  seas,  for  the  complexity  of  their  skeletons,  at  any 
rata  in  the  Cheilostomata,  makes  it  possible  to  define  an  enormous 
number  of  species,  in  fact  all  but  the  most  primitive,  with  clearness 
and  certainty  in  a  way  unattainable  in  other  groups.  Now  it  is  not 
strongly  marked  species  that  are  identified  both  in  recent  seas  and 
the  Chalk,  but  primitive  forms  such  as  Siomatopora  granulata  and 
Memhranipora  reticulum.  I  am  not  inclined  to  admit  that  the 
presence  in  the  Chalk  of  Memhranipara  whose  skeleton  cannot  be 
distinguished  by  any  absolute  character  from  that  of  tlie  recent 
i/1  reticulum  is  conclusive  or  even  presumptive  evidence  that  polyps 
identical  with  those  of  the  recent  M.  reticidum  lived  in  the  Chalk 
sea.  It  is  not  necessarily  the  case  that  because  we  habitually 
assume  that  a  simple  polyp  did  not  have  a  specialised  skeleton  we 
are  entitled  to  assume  the  converse  that  a  specialised  polyp  did  have 
a  specialised  skeleton,  or  in  other  words  that  a  simple  cell  like  that 
of  M.  reticulum  could  not  be  sufficient  for  the  requirements  of  two  or 
more  dififerently  organised  polyps.  There  is  nothing  that  I  can  see 
to  warrant  this  assumption,  and  until  it  can  be  supported  by 
stronger  evidence  it  seems  more  prudent  to  continue  to  recognise 
the  great  physical  break  between  the  Cretaceous  and  Tertiary 
epochs  as  a  justification  for  refusing  to  admit  the  identity  of 
primitive  Cretaceous  forms  with  recent  species. 

From  the  foregoing  it  will  be  gathered  that  I  desire  to  see  it 
recognised  as  a  principle  that  in  dealing  with  the  Cretaceous  Polyzoa 
we  are  not  bound  by  the  Tertiary  and  recent  forms,  and  any  strict 
assimilation  would  be  a  priori  injudicious,  for  it  must  be  remembered 
that  the  recent  Cheilostomata  with  hard  skeletons,  the  only  ones 
which  can  be  compared  with  the  Cretaceous  Cheilostomata,  may 
fairly  be  considered  to  form  a  group  in  which  the  general  lines  of 
development  have  long  been  settled,  a  middle-aged  group.  They 
are,  from  the  geological  standpoint,  absolutely  contemporaneous,  but 
represent  almost  every  possible  variety  of  surrounding  conditions. 
The  Cretaceous  Cheilostomata,  on  the  other  hand,  represent  the 
vigorous  youth  of  the  group  when  all  sorts  of  experiments  in 
development  were  taking  place,  not  only  those  which  resulted  in  the 
formation  of  stable  families  and  genera  which  still  exist,  but  also 
those  which  produced  such  unstable  and  shortlived  families  as  the 
Melioertitidse.  They  represent  a  long  period,  but  on  the  whole  only 
one  set  of  conditions.  Under  these  circumstances  it  is  only  to  be 
expected  that  rules  which  apply  to  one  fauna  will  not  always  apply 
satisfactorily  to  the  other.  Differences  which  in  one  case  were  of 
genuine  specific  importance  might  well  in  the  other  indicate  merely 
variations  of  a  single  species  under  the  influence  of  distance  in  space 
and  variety  of  surroundings,  and  capable  of  being  proved  to  be  such 
by  a  chain  of  intermediate  forms.  The  importance  of  taking  such 
considerations  into  account  is  exemplified  by  the  history  of  Hagenow's 
apecies   Onyehocella  {Cellepora)  Koninckiana,     Hagenow  gave  two 
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fignres  of  this  speoies,  and  at  first  sight  it  would  seem  impossible 
that  they  should  belong  to  the  same  species.  Gregory  accordingly 
gave  to  the  second  figure  the  specific  name  of  Magenowi.  This 
involved  the  attribution  to  Hagenow  of  a  careless  blunder,  but  would 
have  been  justifiable,  as  far  as  the  creation  of  species  from  published 
figures  only  can  be  justifiable,  if  Hagenow's  specimens  had  come 
from  the  settled  conditions  of  ordinary  Chalk.  But  they  came  from 
the  unsettled  shallow-water  conditions  of  the  Maestricht  Beds,  where 
unprogressive  variation,  as  well  as  the  progressive  variation  which 
we  cell  evolution,  would  be  particularly  likely  to  occur  in  the 
Oheilostomata,  and  I  have  little  doubt  that  Hagenow  united  his 
figures  in  one  species  for  the  reason  that  I  reunite  them,  namely, 
that  be  had  seen  specimens  responding  accurately  in  different  parts 
to  both  figures.  The  species  is  evidently  a  variation  which  did  not 
prove  advantageous  and  so  did  not  lead  to  further  developments, 
and  to  which  as  a  species  from  Maestricht  we  need  not  attach  any 
importance,  but  which,  if  it  were  to  appear  in  recent  seas,  would 
be  a  bombshell  indeed. 

The  recent  genera  MueroneUa  and  Crtbrilina  do  not  give  satis- 
factory results  when  applied  to  the  Cretaceous  Polyzoa.  In  tlie 
first  place,  the  accepted  definition  of  Onbrilina  excludes  species  with 
radiating  or  transverse  furrows  which  are  not  punctured.  There 
does  not,  however,  seem  to  be  good  ground  for  treating  the  presence 
or  absence  of  pores  in  the  furrows  (a  point  often  very  obscure  in 
fossil  forms)  as  necessarily  generic,  cmd  I  propose  for  oonvenience  to 
treat  the  definition  of  the  genus  as  extended  accordingly.  In  the 
second  place,  the  two  genera  cover  an  enormous  number  of  Cretaceous 
species,  and  a  study  of  these  indicates  that  many  of  them  possess 
characters  which  would,  if  their  front  walls  were  not  furrowed, 
place  them  in  entirely  different  genera  and  even  families.  Can  such 
forms  be  logically  retained  in  a  single  genus  ?  Certainly  Crihrilimi 
and  Memhraniporella  are  not  for  the  Cretaceous  forms  genera  in  the 
same  sense  that,  say,  Mucronella  and  Porina  are,  but  rather  agglomera- 
tions of  the  early  stages  of  development  of  other  families  and  genera, 
while  the  family  and  generic  peculiarities  were  coming  into  existence, 
and  after  they  had  come  into  existence,  but  while  the  development 
of  a  fully  calcified  front  wall  was  still  incomplete.  If  the  t\v(» 
genera  were  dismembered  a  large  number  of  species  could  he 
successfully  grouped  with  other  families ;  indeed,  I  think  additions^ 
out  of  the  Ciibrilinidse  would  be  made  to  nearly  all  the  important 
groups  except  the  CelleporidsB,  PorinidsB,  and  Hippothoidse,  and  it  i^ 
interesting  to  note  that  JuUien  puts  the  two  latter  groups  in 
a  separate  suborder.  Even  if  the  Cribrilinidsa  are  not  dealt  with  in 
this  way  the  Cretaceous  forms  suggest  that  they  are  the  prodact 
of  two  totally  distinct  lines  of  development  from  the  primitive 
Membraniporidan  cell.  One  of  these  lines  is  the  commonly 
recognised  one,  the  arching  over  and  fusion  in  the  middle  line  of 
marginal  spines.  But  this  will  not  satisfactorily  account  for  the 
very  large  number  of  species  in  which  the  front  wall  is  attached 
to  the  side  of  the  side  walls  and  does  not  rest  on  their  surface. 
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Here  the  front  wall  muBt  have  arisen,  by  symiiietrical  oaloifioation 
of  the  niembranous  coverings  starting. no  doubt  from  points  along  its 
Janction  with  the. side  walls  and  proqeeding  inwards.  There  would 
therefore,  on  this  hypothesis,  be  a  morphologioal  distinction  of  the 
greatest  ipiportanoe  in  the  Cribrilinidas  (and  through,  them  in  the 
majority  of  the  Oheilostomata)  between  cells  with  a  distinct  rim  and 
those  without  a  distinct  rim,  a  distinction  which  would  make  it 
impossible  to  retain  the  family  Cribrilinidas.  It  is  distinctly 
favourable  to  this  hypothesis  that  Marsson  has  on  other  grounds 
given  great  prominence  to  the  question  of  rim  or  no  rim  in  classifying 
the  Cheilostomata.  The  Cretaceous  forms  also  suggest  a  third  line 
of  development  of  the  calcified  front  wall  through  such  forms  as 
Memhranipora  TrimminghamenM  (posQ.  The  cell  in  these  forms  is 
clearly  an  ordinary  Membraniporidan  cell  tilted  forwards,  and  by 
the  squaring  of  the  lower  part  of  the  aperture  and  pressing  down- 
wards of  the  straight  lower  lip  thus  formed,  we  pass  by  easy  stages 
represented  by  the  Cretaceous  forms  of  Pyripora  to  a  Mieropora 
practically  indistinguishable  from  one  developed  throu>;h  Cribrilinid 
forms,  but  with  a  front  wall  morphologically  quite  distinct  in  its 
origin  from  those  developed  through  Cribrilinid  forms. 

DESCRIPTION  OF  SPECIES. 
A.  Trimmingham  Species, 

Mkmbbamipoba  QbiffithI)'  sp.  nov.  (Fig.  1.). 
Colony  adherent,  normally  growing  equally  in  all  directions  with 
almost  the  regularity  of  a  Lunulites,  and  possessing  a  common  crust 
out  of  which  the  cells  stand  sharply.  Cell  nearly  circular,  with 
a  sharp-edged,  narrow,  smooth  wall.  The  mature  cells  almost 
invariably  have  both  an  ovicell  and  an  avicularium.  Ovicell 
immediately  above  the  cell,  about  half  the  width  of  the  zooecium, 
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and  of  the  usual  senn-globose  shape.  In  a  large  number  there  is 
a  triangular  incision  in  the  rounded  end,  apparently  giving  double 
access  to  the  interior,  and  the  sides  of  the  ovicell  are  extended  along 
the  side  wall  of  the  avicularium  as  far  as  the  crossbar.  Avicularium 
sharply  triangular,  placed  immediately  above  the  ovicell.  It  is 
spanned  close  to  its  base  by  a  very  slender  bar,  which  is  often 

*  Dedicated  to  Mr.  C.  Griffith,  of  Winchester,  a  friend  of  long  standing,  who  first 
iotrodaced  me  to  the  study  of  geology. 


294     R.  M.  Brydvne — Further  Notes  on  the  Trimmiugham  Chaik. 


preserved.  Large  vioarions  specialised  cells,  possibly  vibracularia, 
occur  scantily  but  regularly.  They  are  long,  rather  narrow,  and 
constricted  towards  the  lower  end.  The  aperture  is  situate  at  the 
lower  end,  and  is  round  below  and  pointed  above.  The  lower  two- 
thirds  of  it  are  enclosed  by  the  cell-wall,  and  the  upper  one-third  by 
a  depressed  front  wall,  which  occupies  the  rest  of  the  area. 

MeMBRANIPOBA  TrIMMIMGHAHENSIS,   Sp.  DOV.      (Fig.  2.) 

Colony  adherent,  growing  as  a  rule  in  one  direction  only.  Cell 
elongated  and  pear-shaped,  with  an  oval  aperture  occupying  with  its 
marginal  wall  (which  has  its  edges  bevelled  off)  rather  more  than 
half  the  cell,  the  lower  part  forming  an  external  area  and  tapering 
away.  On  the  marginal  wall  is  a  single  row  of  denticles.  At  the 
upper  end  the  marginal  wall  is  exceedingly  thin,  which  is  easily 
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seen,  owing  to  the  free  edge  of  the  ovicell  being  concave.  Ovicell 
globose,  narrower  than  in  the  preceding  species,  but  similarly  placed 
at  the  head  of  the  aperture.  Avicularium  placed  above  the  ovicell, 
oval  with  an  oval  aperture,  divided  into  two  lobes  (the  upper  being 
slightly  the  larger)  by  two  lateral  denticles,  which  were  joined  by 
a  slender  bar,  which  is  generally  destroyed.  This  species  can 
almost  be  constructed  from  the  preceding  one  by  rounding  and 
smoothing  all  sharp  angles  and  corners. 

Mkmbkanipoba  Bkitammica,  sp.  nov.     (Fig.  3.) 

Colony  adherent.  Cell  subcircular  to  oval,  the  marginal  wall 
chiefly  a  common  wall.  On  the  foot  of  practically  every  cell 
is  placed  either  the  ovicell  or  the  avicularium  of  the  cell  below. 
The  ovicell  is  of  the  semi-globose  type,  but  wide,  flattened,  and 
steep- sided,   so   as   to   appear  almost  rectangular.      Its   free  edge 


i 


^ 


Fig.  3. 


a.  Group  of  colls  sho^nng  ovicells  and  perfectly  preserved  avicularium. 

b.  Cell  ^nth  usual  type  of  avicularium. 

coincides  exactly  with  the  outline  of  the  cell-wall  beneath. 
Avicularium  mandibular  and  placed  transversely  with  the  point  of 
the  mandible  indifferently  to  the  right  or  left.  It  is  generally 
stumpy  (h)y  but  in  well-preserved  specimens  the  point  is  long  and 
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■lander  and  projects  over  the  oi^jooent  oell  (a).  The  point  being 
nised  mnoh  higher  than  the  rounded  end,  the  aperture  ie  in  an 
inolined  plane  facing  the  oell  adjacent  to  the  base  of  the  avioularium. 
It  ia  an  almoat  invariable  rule  ihat  every  cell  (except  (lie  very  early 
ones)  ha«  either  an  ovioell  or  an  nvionlarium.  The  speciee  ia  very 
obaiaoterintio  of  the  Triromingham  Cliallc,  bat  is  reoognisable  in  the 
zone  of  iV.  eoT-awjmnvm,  tliougli  rare  below  the  zone  of  fi.  mueronata. 
Skuikscb&ba  Mchdbslxiinbis,  ap.  nov,  (Fig.  4.) 
Colony  always  adherent.  Cell  large  and  snbpyriform,  witli  the 
Bxtemal  area  of  the  pyriform  type  ooonpying  nsnally  abont  one-third 
of  the  oell,  hat  only  tapering  very  alightly  as  a  rule.  Where  the 
marginal  wall  divides  the  internal  and  external  area  it  ia  very  faint. 
Tbe  aperture  is  very  large  and  ooonpiea  nearly  the  whole  of  the 
apaoe  within  the  mai^n^  wall,  and  ia  slightly  heart-shaped,  its 
lower  margin  being  indented  by  a  blunt  denticle  projeoting  from  the 
internal  area.     The  internal  area  is  nanally  very  insignificant,  but  is 


very  variable  in  extent,  and  may  absorb  aliuoHt  the  whole  external 
area.  It  slopes  furwarda  and  downwards.  The  uvicellB  are  not  at 
all  prominent,  and  are  little  more  than  swellinge  of  the  foot  of  the 
aucoeeding  oell,  bat  have  a  very  remarkable  thickened  broad  rim  to 
the  aperture.  Avicularia  raru  and  very  irregular  in  ocourrence. 
They  are  narrow  elongated  membranipoiino  cells,  with  a  slight  area 
at  tbe  foot  sloping  gently  towards  the  aperture,  which  ia  slightly 
oonstrioied  rather  above  tbe  middle.  Tiie  size  of  the  aperture  makes 
the  species  easily  recognisable. 

ScHiBscH&RA  G&Hui,>  sp.  nov.     (Fig.  6.) 
Colony  always  free,   bnt   unilamellate.      Cells  relalivety  broad, 
aperture  placed  in  the  upper  third,  small,  trifoliate,  upper  lobe  semi- 


■i 


t 


Fig.  5, 
(nroolar,  other  lobes  narrow  and  exactly  alike.     No  ovicell  observed. 
Avicularinm  an  elongated  oell,  alightly  conatrioted  rather  above  the 

'  Named  in  honour  of  ray  friend  M.  F.  Cbou,  tlif  French  authuritj-  on  Poljios. 


296    B.  M.  BrydoM — Farther  Notes  on  the  Trimmingham  Chalk. 

middle  at  a  point  on  a  line  with  the  npper  edge  of  the  aperture* 
whioh  is  small  and  transversely  oval,  with  a  strongly  denticulated 
lower  lip. 

ESOHARA  BowEi,  sp.uov.     (Fig.  6.) 

Oolony  free,  bilamellate,  growing  in  expanding  fronds,  which  are 
vexy  fragile.  Cell  long  ana  narrow,  aperture  oooupying  quite  half 
the  cell,  heel-shaped,  and  elongated,  with  sides  oonstrioted  close  to 
the  lower  lip,  and  a  strongly  projecting  lower  lip.  No  ovioell. 
Avicularium  an  elongated  cell  with  pointed  ends,  broad  in  the  middle, 
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tapering  more  rapidly  below  than  above.  Aperture  rather  below  the 
middle,  appearing  under  a  low  power  as  a  transverse  oblong  with 
rounded  comers,  and  a  distinct  pore  above  and  a  faint  pore  below  (a). 
Under  higher  powers  the  structure  shown  in  (6)  is  revealed,  'lliis 
structure  is  rarely  preserved,  the  specimens  generally  presenting 
it  in  varying  degrees  of  ruin. 

Cbibbilima  Shkbbobni,  sp.  nov.     (Fig.  7.) 

Colony  always  adherent  Cell  widely  oval,  apparently  based  on 
a  primitive  form  (a),  with  an  elongated  heel-shaped  aperture  in 
a  plane  at  a  slight  angle  to  the  horizontal,  a  front  wall  rising  from 
all  sides  to  a  central  circular  platform  in  which  are  cut  a  series  of 
radiating  furrows,  two  long  lateral  slits  in  the  front  wall  commencing 
between  the  aperture  and  the  margin  and  running  outwards  close  to 
the  margin,  and  a  globose  ovioell  at  the  top  of  the  cell  some  distance 
above  the  aperture.  The  first  stage  of  development  appears  to  be 
that  the  lower  lip  of  the  aperture  rises  slightly,  and  the  rest  of  the 
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margin  of  the  aperture  rises  considerably  to  form  with  the  upper 
edge  of  the  aperture  of  the  ovicell  an  oval  secondary  aperture  (5). 
Next  there  are  developed  over  the  lateral  slits  lateral  avicularia,  set 
on  legs  so  as  to  allow  free  access  of  water  to  the  slits  (c).  These 
.avicularia  are  very  faintly  mandibular,  with  the  point  of  the  mandible 
on  the  inner  side,  but  the  least  attrition  makes  them  circular.  At 
the  same  time  the  sides  and  base  of  the  secondary  aperture  are 
further  raised,  and  the  sides  are  produced  up  the  sloping  surface  of 
the  ovioell  to  meet  at  the  central  crown.    In  tlie  final  stage  (d)  the 
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avioalaria  develop  very  deoided  beaks*  oenneoted  by  a.thin»  almost 
borizontal  plate  iuto  a  barrier  rigbt  aoross  the  oell  which  overhangs 
and  entirely,  oonceals  the  primary  aperture,  while  even  the  area 
between  the  primary  apertnre  and=  the  ovioell  is  now  so  deep  set  as 
to  be  visible  only  in  speoial  lights^  It  is  the  rule  for  every  oell  to 
attain  this  stsge,  bat  the  fragility  of  the  plate  between  the  avioularia 
produoes  many  variations  in  the  shape  of  the  secondary  aperture 
when  the  specimen  is  handled  at  all  roughly.  CeUepora  pinguiB^ 
Hag.,  appears  to  be  a  relation. 

Cribbilima  Diblbyi,  sp.  nov.     (Fig.  8.) 

Colony  always  adherent  Oell  elongated.  Aperture  heel-shaped, 
surrouuded  by  a  flat  raised  margin,  the  lower  lip  being  triangular, 
with  the  apex  directed  down  the  front  wall,  l^e  upper  lip  bears 
four  or  five  hollow  denticles  (when  there  are  five  the  fifth  is  a  small 
one  between  the  two  at  the  head  of  the  oell).  Ovicell  large  and 
globose,  with  faint  radial  markings,  and  covers  the  two  (or  three) 
upper  denticles.      Front  wall  marked,  by  aboutr  17  lines  of  fine 
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pores,  increasing  slightly  in  size  towards  the  margin.  These  lines 
do  not  (except  the  topmost  pair)  meet  in  the  middle,  but  leave  an 
imperforate  bar  down  the  centre.  Nearly  every  cell  has  one 
avicularium,  many  have  two.  They  are  either  mandibular  and 
slender,  with  thin  marginal  walls  connected  by  a  slender  rod  near 
the  base,  or  broadly  oval,  l^e  latter  are  probably  decayed  or  worn 
epecimens. 

Cbibrilima  Jdkss-Brownei,  sp.  nov.     (Fig.  9.) 

Colony  always  adherent,  generally  growing  in  narrow  ribbons. 
Oell  based  on  a  primitive  form  like  Beptescharella  ina(2ualis,  D*Orb., 
but  with  a  decided  rim.  It  has  a  long  globose  ovioell,  up  the  front 
of  which  two  slender  ridges  run  diagonally  from  each  corner  of  the 
aperture,  meeting  in  an  angle  at  nearly  the  highest  point  of  the 
ovicell.  The  lower  lip  of  the  aperture  is  produced  forwards  and 
upwards  into  a  broad  band  in  three  sections.  The  lowest  of  these  is 
bluntly  triangular,  with  the  apex  pointing  downwards.  At  the  sides 
of  the  cell  it  rises  gently  to  the  second  section,  which  is,  however, 
strongly  arched  in  the  middle,  and  so  leaves  there  an  opening 
l)etween  it  and  the  first  section.  The  third  section  is  at  a  higher 
level  still,  more  or  less  flattened  and  buttressed,  apparently  not 
against  the  side  walls  but  against  two  lateral  tubes  (^t^^vwciVwV:^'^ 
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avionlarian),  which  rest  on  the  side  walls  and  open  just  beside  the 
aperture.  In  the  oentre  this  third  seotion  rests  on  the  second  section, 
and  its  lower  edge  having  a  deep  sinus  an  inlier  of  the  second 
seotion  is  exposed.  At  the  sides  the  third  section  rises  considerably 
above  the  seoond  section,  and  so  there  is  a  well-marked  opening 
left  The  upper  edge  of  this  third  seotion  carries  two  very  minute 
and  slender  beak-shaped  avioularia  lying  transversely  with  their 
beaks  directed  inwards.  These  constitute  the  apparent  lower  lip  of 
the  aperture,  and  according  as  they  do  not  quite  meet,  just  meet,  or 
rather  more  than  meet,  in  the  middle  line,  the  apparent  lip  has 
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a  central  sinus,  is  quite  straight,  or  has  a  central  denticle.  This 
apparent  lip  is  on  the  same  vertical  plane  as  the  deep-set  aperture  of 
the  ovioell,  and  entirely  conceals  the  aperture  of  the  cell,  and  leaves 
only  a  small  space  between  itself  and  the  sloping  surface  of 
the  ovioell.  Below  the  transverse  band  is  seen  the  normal  front 
wall  with  five  pairs  of  radiating  furrows,  and  a  single  unpaired  one 
in  the  middle  line  at  the  foot.  The  ovioell  and  transverse  band  are 
practically  always  present,  and  the  species,  which  is  quite  small,  is 
easily  recognisable  with  a  pocket  magnifier,  though  the  details  are 
hardly  discernible  under  the  microscope. 

MucRONELLA  Batheri,  sp.  nov.     (Fig.  10.) 

Colony  always  adherent,  small  and  very  prominent,  partly  owing 
to  the  compactness  of  its  surface  and  partly  apparently  to  its  being 
bilamellate.  The  cells  of  the  lower  lamella  are  wide,  but  very 
shallow,  and  some  of  them  may  generally  be  seen  round  the  edge  of 
the  colony.  They  rarely  exhibit  more  than  the  marginal  wall,  but 
occasionally  one  may  be  seen  with  a  front  wall  consisting  apparently 
of  a  number  of  irregular  plates  with  a  round  pore  in  the  centre.     On 


the  foundation  afforded  by  these  cells  is  built  a  layer  of  cells  of 
normal  depth.  Here  the  primitive  cell  is  a  simple  lepralian  ceU 
with  an  oval  aperture  in  a  sloping  plane.  But  as  the  cell  matures 
the  lower  lip  of  the  aperture  is  produced  in  the  plane  of  the  surface 
of  the  colony  into  a  broad  square  mucro  overhanging  the  greater  part 
of  the  aperture  and  leaving  only  a  very  narrow  space  on  either  side 
ot  it  and  between  it  and  the  broad  ovioell.     The  latter  is  nearly 
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always  present,  and  is  set  on  the  base  of  tbe  succeeding  cell,  and  so 
deeply  sunk  that  its  rather  flattened  apper  surface  is  practically 
flush  with  the  general  surface  of  the  colony.  This  gives  the  colony 
its  uniquely  compact  appeaiance.  Every  cell  bears  one  or  two 
STioulariay  consisting  of  long  slender  tubes  lying  on  the  front  wall 
with  the  wider  and  open  end  a  short  way  below  the  muoro,  and 
tapering  away  posteriorly  and  sinking  gradually  into  the  front  wall. 
Cells  which  carry  at  the  foot  the  ovicell  of  a  preceding  cell  have 
two  lateral  avicularia ;  those  which  do  not  carry  such  an  ovicell 
(e.g.  the  first  of  an  intercalated  series)  have  one  median  avicularium. 

B.   Semnian  Species. 

SfMIBSOHABA   WoODSI,   Sp.  UOV.       (Fig.  11.) 

Colony  usually  adherent,  occasionally  free  and  unilamellate.  Cells 
hexagonal  and  arranged  quinounoially.  Aperture  approximately 
oblong  and  transverse,  the  upper  lip  being  sometimes  ratkier  shorter 
than  the  lower,  and  sometimes  slightly  convex.  Tins  upper  lip 
slopes  sharply  inwards,  and  may  therefore  be  overlooked  unless  the 
light  is  thrown  from  the  foot  of  the  cell.  Ovicell  very  rare,  merely 
a  swelling  of  the  foot  of  the  suoceediiig  cell.      Avicularia  fairly  but 
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variably  plentiful.  They  are  separate  cells,  but  not  vicarious. 
They  are  more  or  less  shuttle  •  shaped,  with  a  small  round 
aperture  in  the  point  of  tbe  shuttle.  The  species  appears  at  least 
as  low  as  the  Marsupite  zone,  but  attains  its  zenith  in  the  base  of 
tbe  B.  mueronata  zone.  It  is  probably  lineally  related  to  Cellepora 
Mtchaudianaf  D'C,  but  easily  distinguished  by  the  shape  of  the 
apertures  both  of  cell  and  avicularium. 

SsmESOHARA  Pebqensi,  sp.  nov.     (Fig.  12.) 

Colony  adherent.  Cells  hexagonal,  of  varying  dimensions,  arranged 
more  or  less  quincuncially  with  a  very  broad  and  ill-defined  common 
wall.     Front  wall  arched  from  side  to  side,  and  also  sinking  slightly 


V. 
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from  the  foot  (where  it  is  almost  on  a  level  with  the  top  of  the  cell- 
wall)  towards  the  aperture.     The  aperture  ia  semicltcuKx  wci^Vwi^^, 
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with  rquncled  basal  angles*  and  stretches,  from  side  wall  to  side  wall, 
iiilt  its  appatent  breadth  is  restricted  by  a  very  slight  infold  of  the 
itmeredge  of  the  side  walls.  The  lower  lip  is  almost  straight,  but 
the  very  slight  carve  is  often  accentuated  by  the  arching  of  the  front 
wall  from  side  to  side.  The  avicalarium  is  an  elongated  cell  with  an 
oval  aperture  ocoapying  two-thirHs  of  the  area,  and  touching  the  oell- 
walls  at  its.  widest,  but  separated  from  them  above  that  point  by 
ivvery  slight  deep*seated  front  wall,  and  below  that  point  by  a  con- 
siderable front  wall  rising  towards  the  foot  of  the  oell  to  the  plane  of 
the  top.  of  the  cell- wall,  llie  species  is  very  characteristic  of  the 
upper  part  of  the  zone  of  B.  qvadrata, 

Cribrilina  Qreqoryi,  sp.  nov.     (Fig.  18.) 

Colony  either  adherent  or  free  and  unilamellate.  Cells  large,  with 
walls  on  the  whole  common,  though  often  showing  signs  of  separa- 
tion. Aperture  large  and  semicircular,  surrounded  by  a  broad 
smooth  border,  which  extends  between  the  upper  edge  of  the 
aperture  and  the  foot  of  the  next  cell  for  a  distance  equal  to  or 
greater  than  the  height  of  the  aperture.  From  the  upper  part  of  this 
l>and  two  prominent  denticles  project  out  over  the  aperture.  The 
front  wall  springs  from  slightly  below  the  surface  of  Uie  side  walls, 
and  is  gently  arched.  It  bears  about  seven  rows  of  punctures, 
running  straight  across  from  side  to  side,  the  two  punctures  next  the 
side  walls  being  much  larger  than  the  others.  There  are  usually 
two  avicularia,  always  one,  to  each  cell,  closely  associated  with  the 
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lower  corners  of  the  band  round  the  aperture.  They  are  small  and 
mandibular,  but  except  in  well-preserved  specimens  from  the  zone  of 
B.  quadrata,  where  this  species  reaches  its  zenith,  the  mandible  is  poorly 
or  not  at  all  developed,  and  the  avicularia  present  themselves  as  very 
small  circular  perforate  denticles.  No  ovicell  has  yet  been  observed, 
though  many  thousands  of  specimens  have  been  seen.  The  species 
most  nearly  resembles  SemieBcharipora  dentata,  D'Orb.  (which  is, 
however,  near  the  2IemhraniporeUa) ,  but  is  easily  distinguished  from 
that  and  all  other  species  by  the  two  imperforate  denticles  over- 
hanging the  aperture.  It  appears  in  the  zone  of  3f.  cor-ieBiudinarium 
(at  Senford),  and  becomes  steadily  more  prevalent  until  in  the  upper 
part  of  the  zone  of  B.  qtiadrata  it  is  the  dominant  form ;  above  the 
base  of  the  zone  of  B,  mncronata  it  soon  becomes  comparatively  rare. 


F.  B.  'Cmtper  Beed^The  BokkeveU  Bedt,  8.  Afrita.     301 

* 

n.-^8tDQWtOX  HUSKUM  ITOTBf. 
NlW  FOMIU  VBOM  THS  BOKKSTILD  BbDS,  SoiTrH  AVHIOA. 

By  V.  B.  CowpBR  BiKD,  M.A.,  F.6.8. 
(PLATES  XVI  AXD  XVII.) 

A  SHALL  ooUeotion  of  fossils  from  the  Bokkeveld  Beds  has 
reoently  been  eent  to  me  for  identification  by  the  Soath 
Afrioan  Hoaeom,  and  some  of  them  have  been  generously  presente4l 
to  the  Sedgwiok  Moseam.  Amongst  this  material  it  is  interesting 
to  find  some  genera  not  previoasly  recorded  from  the  Cape  and 
some  new  species.  The  majority  of  the  specimens  are  in  the 
condition  of  internal  oasts,  and  heuoe  present  especial  difficulties  xn 
their  determination,  so  that  in  a  few  cases  some  uncertainty  must 
remain  as  to  the  senerio  position  of  the  fossils.  HowcTer,  I  am 
able  to  record  for  ue  first  time  from  these  beds  the  occurrence  of 
the  well-known  lamellibranchiate  genus  BwMola^  and  of  a  shell 
which  may  be  identified  with  Nyn$$a  arguia,  Hall,  of  the  North 
American  Deyonian.  The  genus  Buehiola  occurs  in  amllaceou» 
nodnles  from  the  Zwartberg  Pass  crowded  with  individuMS  of  the 
species  which  I  have  named  B.  fnbpalmata  and  Mrith  a  few  examples 
of  an  undetermined  species.  No  other  associated  fossils  can  be 
recognised  in  these  nodules,  but  I  am  informed  that  an  abundant 
fauna  is  found  in  the  beds  at  this  locality. 

There  are  only  single  specimens  in  the  oollection  of  the  species 
which  I  have  determined  as  Nucidites  of.  Smithi,  SanguinoUtes  (?)  cLcer, 
and  Nyassa  argtUa,  and  only  two  of  SanguinoUtes  niger.  The  fine 
large  brachiopod  which  appears  to  be  probably  referable  to  the  little 
known  Bolivian  gbuus  Seaphioccelia,  or  may  belong  to  a  completely 
new  generic  type,  is  represented  by  eight  specimens,  all  of  whicli 
are  sandstone  oasts  with  occasionally  portions  of  the  shell  attached. 

Tlie  genus  Ptychospira  is  now  for  the  first  time  identified  in  the 
Bokkeveld  Beds. 

The  following  is  a  list  of  the  species  in  the  collection  : — 

'  Tentaculiteit  crotalinuSy  Salter. 
Buehiola  Bubpalmata,  sp.  no  v. 
Buehiola  sp.  ind. 

*  Nueidites  of.  Smithi,  Clarke. 
Sanguinoliies  niger,  sp.  nov. 
S.  (?)  acevy  sp.  nov. 
Nya»»a  arguta,  Hall. 
Scaphioecelia  (?)  afrieana,  sp.  nov. 
Rensselaria  of.  conjiuentina,  Fuchs. 

*  Ptychospira  variegata,  sp.  nov. 

The  present  author  has  previously  published  an  aocouut  of 
the  principal  oollection  of  brachiopods  and  molluscs  from  the 
Bokkeveld  Beds  in  the  Annals  of  the  South  African  Museum, 
vol.  iv,  pts.  3  and  6  (1903-1904). 

*  These  three  species  occur  associated  together  on  the  same  rock  specimens  from  an 
unknown  locality. 
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LAMELLIBRANOHIATA. 

BUCHIOLA   SUBPALMATA,   Sp.  HOT.      (PI.  XYI,  FlgS.  1,  la,  2.) 

Biagnosii. — Shell  subquadrate  or  suboiroular,  nearly  equilateral 
and  nearly  as  high  as  wide,  more  or  less  swollen ;  hinge-line 
straight,  shorter  than  shell,  cardinal  angles  obtusely  rounded. 
Beaks  suboentral,  a  little  nearer  anterior  than  posterior  end, 
opposed,  directed  slightly  forwards,  strongly  inonrved.  Valves 
more  or  less  inflated,  most  so  in  middle,  somewhat  compressed 
near  cardinal  region  on  both  sides  of  beaks.  Surface  marked  with 
11-13  raised,  flattened,  radiating  ribs  with  sharp  edges,  elevated 
abruptly  above  the  narrower  intercostal  grooves,  which  are  rounded. 
The  middle  5-7  ribs  are  stronger  than  the  others,  of  subequal 
height  and  size,  and  curved  slightly  forwards ;  at  the  margin  of 
the  shell  they  are  1^2  times  wider  than  the  separating  grooves. 
The  anterior  2-3  ribs  are  smaller,  less  elevated,  and  slightly 
concave  on  their  surface,  and  are  curved  more  upwards;  the 
posterior  3-5  are  likewise  lower  and  much  less  conspicuous  than 
the  middle  ones,  and  have  their  surface  sometimes  rather  concave, 
and  they  are  curved  up  slightly  towards  the  hinge-line.  Fine, 
inconspicuous,  regular,  closely  set,  concentric  sirm  cross  the  ribs 
and  grooves,  and  are  slightly  arched  on  the  former.  (These  are  not 
distinctly  shown  in  the  figures.) 

Dimensions : 

Average  length  5'5-6-0  mm. 

,,       height  5*26-6'5     ,, 

,,       thickness  3*50-4'25   ,, 

Locality . — Zwartberg  Pass. 

Remarks. — The  genus  Buchiola  has  not  been  previously  recorded 
from  South  Africa,  and  I  have  not  found  it  mentioned  amongst  the 
Devonian  fossils  from  South  America,  to  which  the  fauna  of  the 
Bokkeveld  Beds  has  been  shown  to  bear  a  close  resemblance  in 
composition  and  species.  It  is,  on  the  other  hand,  a  characteristic 
European  genus,  represented,  especially  in  the  Rhenish  Devonian, 
by  many  species  which  Beushausen'  has  described,  and  it  occurs 
also  in  North  America,  where  Hall  applied  the  generic  name 
Olyptocardia  to  it.  The  range  of  the  genus  extends  from  the  Upper 
Silurian  (Bohemia)  to  the  upper  horizons  of  the  Devonian.  In  the 
Bhenish  provinces  it  appears  to  be  limited  to  the  Middle  and  Upper 
Devonian. 

The  affinities  of  our  South  African  form  are  undoubtedly  with 
B.  palmata  (Goldfuss) '  in  the  shape,  number,  and  distribution  of 
the  ribs ;  but  as  regards  the  subequilateral  form  of  the  shell  and  its 
inflated  character  B,  ruppachensis^  ^ush.,'  resembles  it  more  closely. 
B.  spedosa  (Hall),*  from  the  Genesee  Slate,  is  closely  allied  to,  if 
not  identical  with,  B.  palmata,  as  Beushausen  has  observed. 

1  Beushausen,  Lamell.  rhein.  Deyon:  Abh.  kon.  prenss.  geol.  LtndeBtitft, 
if.F.,  xvii  (1896),  pp.  322-338,  pis.  xxxiv,  xxxv. 

*  Ibid.,  p.  333,  pi.  xxxiv,  figs.  3-6. 

*  Ibid.,  p.  324,  pi.  xxxiy,  figs.  Sa-f. 

*  flalJ ;  Palajont.  N.Y.,  toI.  t,  pt.  1  (1883),  pi.  Ixx,  figs.  6-8. 
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The  South  Afrioan  form,  however,  appears  aafflcientljr  distinot 
from  all  the  described  species  of  Buehiola  to  warrant  a  separate 
specific  designation,  and  the  name  $ubp€Umata  is  accordingly 
proposed  as  indicating  its  nearest  ally. 

BuoHiOL^  sp.  ind. 

There  is  another  species  of  Baehiola  occurring  in  the  nodules 
from  the  Zwartberg  Pass,  but  I  have  only  been  able  to  discover 
impressions  of  portions  of  the  exterior  surface  or  imperfect  internal 
casts.  It  is  characterised  by  the  ribs  being  very  flat  and  scarcely 
elevated  above  the  shallow  grooves,  and  by  both  being  of  equal 
width.  The  ribs  are  broad  and  few  in  number,  and  bear  arched 
striad ;  but  the  material  is  too  poor  for  further  details.  B.  anguU/era, 
Roemer,*  appears  to  resemble  it  in  the  character  of  the  ribs. 

Locality, — Zwartberg  Pass. 

NuouLiTBS  cf.  Smithi,  Clarke. 

One  specimen  of  a  shell  belonging  to  the  genus  Nuefdites  occurs 
on  the  same  slab  of  greyish  micaceous  clay  as  TenUteulite$  crotalinus 
and  Ptychospira  variegata,  and  comes  from  an  unknown  locality. 
It  consists  of  a  right  valve  (with  the  ends  slightly  broken)  of  an 
elongate  species,  having  the  clavicular  ridge  set  unusually  far 
forward  in  front  of  the  beak,  which  is  placed  at  about  two-fifths  the 
length  of  the  shell  from  the  anterior  end.  The  general  shape  of 
the  shell,  position  of  the  beak  and  clavicular  ridge,  more  resemble 
N.  Smithi,  Clarke,'  from  the  Devonian  of  Brazil,  than  the  allied 
iV.  afrieanuB  (Salter) '  from  the  Bokkeveld  Beds ;  and  it  is  also 
comparable  with  N.  -elongatus  (Conrad)  of  the  Hamilton  Group  of 
New  York. 

IHmensions : 

Lenirtb        ea.  20  mm. 

Height         ea.  12    ,, 

Locality. — Unknown. 

Nyassa  abguta,  Hall  (?).     (PI.  XVI,  Figs.  3,  3a.) 

One  somewhat  imperfect  internal  cast  of  a  lamellibranoh  from  the 
Zwartberg  Pass  shows  the  following  characters : — Shell  elongated, 
oval;  slightly  curved,  widest  in  front,  narrowing  a  little  posteriorly, 
and  obliquely  truncated  behind.  Valves  gibbous,  especially  in 
anterior  portion,  not  compressed  nor  flattened  behind.  Beaks  low, 
subterminal,  very  broad,  obtuse,  rounded ;  a  strong  curved  umbonal 
ridge  runs  to  postero-inferior  angle  of  shell;  and  a  broad,  well- 
marked,  but  shallow  depression,  widening  below,  extends  obliquely 
from  beak  in  front  of  ridge  to  inferior  margin,  occupying  nearly 
two-thirds  the  length  of  the  shell.  Hinge-line  arched ;  inferior 
margin  broadly  and  rather  deeply  sinuated ;   anterior  end  broadly 

>  BeushatLsen :   op.  cit.,  p.  337,  pi.  xxxt,  figs.  18,  19. 

'  Clarke,  Palaeoz.  Faunas  of  Para :  Archly  Mus.  Nac.  Rio  de  Janeiro,  vol.  x 
(1899)  (English  edit.),  p.  71,  pi.  viii,  fig.  5. 

3  Sharpe:  Trans.  0^1.  Soc,  ser.  zi,  vol.  vii,  p.  211,  pi.  xxvii,  fig.  2  (?  4). 
Heed :  Ann.  S.  Afr.  Mus.,  vol.  iv,  pt.  6  (1904),  p.  256. 
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rounded  ;  posterior  end  narrowed;  tmnbated  above,  some wliat  pointed 
below.  Cardinal  margins  of  yalves  strongly  thickened  internally 
as  far  forward  as  anterior  adduotor  soars,  with  traces  of  3-4  small 
elongated  pits  in  hinge -plate  between  and  in  front  of  beaks. 
Adductor  soars  deeply  impressed,  oval,  obliquely  plaoed  close  below 
beaks  and  on  antenor  lateral  margin.  Surface  of  shell  marked  with 
a  few  strong  oblique  concentric  growth-ridges. 

Dimensions  : 

Length  ...        ...        ...  25  mm. 

Height  ...        ...        ...  15    ,, 

ThiclcDess 14    „ 

Locality. — Zwartberg  Pass. 

Remarks, — This  shell  appears  to  be  identical  with  Nya$$a  argutOr 
Hall,'  from  the  Hamilton  Group  of  North  America.  It  is  only  in 
the  matter  of  the  teeth  (which  probably  are  absent  in  our  specimen 
owing  to  its  condition  of  preservation)  that  any  difference  Ih^ 
noticeable.  Beushausen '  identifies  Goldfuss'  Sanguinolaria  dorsata 
f^om  the  Upper  Calceola  Beds  and  the  Stringooephalus  Limestone 
with  the  American  species.  I  am  doubtful  if  Sharpens  SanguinoliUs  (?) 
eorrugatus^  from  the  Bokkeveld  Beds  is  identical  with  our  specimen. 
Sharpens  type  being  merely  the  impression  of  one  pair  of  valves. 

Samouinolitbs  nigib,  sp.  nov.     (PI.  XVI,  Figs.  4,  4a.) 

Two  examples  of  another  lamellibranch  from  the  Zwartberg  Pas» 
likewise  consist  of  internal  oasts,  one  of  which  is  nearly  perfect,  but 
the  other  has  the  posterior  end  broken  off.  From  the  forme  r 
the  following  desonption  is  drawn  up : — Shell  oblong,  upper  and 
lower  margins  nearly  parallel ;  posterior  and  anterior  ends  broadly 
rounded,  the  former  rather  broader  and  more  obtuse.  Cardinal 
margin  behind  beaks  straight  and  horizontal  ;  inferior  margin 
indented  with  wide,  shallow  sinuation  in  middle,  and  curving  \\\> 
more  gradually  in  front  than  behind.  Beaks  subanterior,  broad, 
obtuse,  low,  scarcely  rising  above  hinge-line,  and  directed  forwards ; 
broad,  undefined  umbonal  ridge  runs  down  with  decreasing  strength 
to  posterior  third  of  inferior  margin,  and  has  a  weak,  shallow 
depression  in  front  of  it  corresponding  to  marginal  sinus.  Valves 
moderately  convex,  most  so  on  umbonal  ridge,  flattened  and 
compressed  behind.  Anterior  adductor  scars  deep,  oval,  situated 
just  below  beaks,  close  to  anterior  margin.  Posterior  adductors 
indistinct.  Cardinal  and  anterior  margins  thickened  internally, 
with  elongated,  lanceolate,  ligamental  area  behind  beaks,  and  one  or 
two  elongated  pits  between  beaks  parallel  to  hinge-line.  No  teetl) 
present. 

Dimensions  : 

I/cngth  24*5  mm. 

Height  14-5   „ 

Thickness 11*5   „ 

>  Hall:  Palflpont.  N.Y.,  vol.  v,  nt.  1  (1883),  pi.  liii,  figs.  9-20. 
*  BeuBhausten :  op.  cit.,  p.  31,  pi.  iii,  tigs.  7-9. 
'  Sharpe :  op.  cit.,  p.  212,  pi.  xxvii,  tig.  S. 
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Zoealiiy. — Zwortberg  Pass. 

Bemarka. — The  tnie  generio  position  of  this  shell  appears  to  be  in 
8imguinoliie$f  following  Wheelton  Hind's  definition.^  In  shape  and 
general  characters  our  species  seems  to  resemble  Oehlert's  8.  Ifarsi,* 
bat  probably  it  belongs  to  a  new  and  nndescribed  species  which  may 
be  termed  niger.  I  do  not  think  any  of  the  Brazilian  or  BdUviaa 
forms  which  Clarke  and  Ulrich  have  described  and  figored  come 
Yery  near  it. 

Sanquinolitks  (?)  AOKB,  sp.  noT.     (PI.  XVI,  Figs.  5,  6a,  55.) 

There  is  another  internal  cast  from  Zwartberg  Pass  which  may 
represent  a  species  of  SangmnoUte$,  but  its  generic  position  is 
somewhat  doubtful. 

Shell  elongated  oval,  twice  as  long  as  high;  valves  strongly 
convex,  most  so  in  anterior  two- thirds  of  shell,  posteriorly  bemg 
somewhat  compressed.  Anterior  end  rounded,  slightly  narrower 
than  posterior  end,  which  is  obliquely  truncated.  Hinge-line 
gently  arched;  inferior  margin  nearly  straight,  a  little  concave 
towards  middle.  Beaks  broad,  obtuse,  low,  situated  at  about  one- 
fourth  the  length  of  the  shell  from  anterior  end  ;  obscurely  defined, 
transversely  oval  lunule  in  front.  ITmbonal  ridge  moderately 
strong,  running  from  beak  to  postero-inferior  angle,  with  shallow, 
andefined,  weak  depression  in  front  of  it  reaching  sinuation  of 
inferior  margin,  and  a  narrow,  more  defined  sulcus  behind  it 
running  nearly  straight  back  to  posterior  angle.  Anterior  adductor 
scars  deep,  subtriang^lar,  strongly  ridged,  situated  close  to  anterior 
margin  and  about  half-way  between  beak  and  anterior  inferior  angle. 
Pallial  line  simple,  and  at  about  one-fourth  the  height  of  the  shell. 
Posterior  adductor  scars  not  visible.  Margins  of  valves  between 
beaks  and  on  anterior  end  thickened  internally  and  rounded;  on 
umbonal  hinge-plate  thus  formed  is  a  short  longitudinal  furrow 
parallel  to  hinge-line  and  followed  by  two  or  three  more  or  less 
fused  pits.  Surface  of  shell  ornamented  with  rather  coarse,  raised, 
oonoentric  ridges  swelling  out  into  small  irregularly  spaced  nodules 
(observed  on  one  fragment  of  shell  adhering  to  the  oast). 

DimeTisians : 

Length  ...        ...        ...  33'5mm. 

Height  16*6   ,, 

Thickness 150  „ 

Zoca^i/j^.— Zwartberg  Pass. 

BemarhB, — It  does  not  seem  possible  to  determine  with  certainty 
the  genus  of  this  shell.  The  ridges  and  grooves  on  the  surface  and 
the  ornamentation  suggest  Ghrammysia;  the  internal  grooves  and 
pits  on  the  hinge-plate  are  indistinctly  seen,  but  seem  to  point  to 
the  presence  of  an  internal  ligament.  The  general  shape,  however, 
more  resembles  members  of  Sanguinolites,  and  for  the  present  it  may 
be  left  in  this  genus. 

1  Wheelton  Hind:  Mon.  Brit.  Carh.  Lamell.,  vol.  i,  pt.  5  (1900),  p.  361. 

*  Oehkft :  Boll.  Soo.  G^l.  France,  ser.  m,  vol.  xyi  (1888),  p,  65^,  ^\. in^^%>  ^. 
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BRACHIOPODA. 

SoAPmoocBLiA  (?)  AFRiOAVA,  sp.  nov.    (PL  XYII,  Figs.  1,  la,  16,  le; 

2,  2a,  2b ;  3,  da.) 

IHagnoBia. — Sbell  elongate  -  oval  to  stiboiroular,  piano  -  convex. 
Pedicle  Talve  inflated,  strongly  convex,  compressed  laterally, 
distinctly  keeled  and  angnlated  on  back ;  beak  large,  high, 
inoarved,  rising  well  above  strongly  curved  hinge-line  and  arching 
over  beak  of  opposite  valve,  with  sharply  angular  lateral  edges 
and  large  concave  triangular  pseudo-area  below  it ;  large  triangular 
'delthvrium  (?  covered  by  concave  plate),  with  margins  slightly 
infolded ;  small  subapical  foramen  present  in  beak.  Brachial  valve 
flat  or  very  feebly  convex;  beak  smaller  and  lower,  and  less 
incurved  than  that  of  pedicle  valve. 

Interior  of  pedicle  valve  with  pair  of  thick,  strong,  subparallel  or 
slightly  divergent  dental  plates,  slightly  concave  and  closely 
emoracing  sides  of  cardinal  callosity  of  opposite  valve  (Figs.  1, 
16,  le).  Muscular  impression  large,  oval,  extending  about  one- 
third  the  length  of  the  valve,  slightly  depressed  and  margined 
■by  weak  ridges  diverging  from  bases  of  dental  plates,  which  are 
connected  by  a  low,  faint,  transverse  ridge  in  umbonal  cavity ;  the  pair 
of  large  elongate  diductor  scars  are  distinct  in  the  muscular  area, 
but  the  adductor  scars  are  not  visible. 

Interior  of  brachial  valve  with  large  massive  umbonal  callosity  or 
hinge-plate  completely  fused  with  bottom  of  valve  and  filling  up 
whole  of  cavity  of  beak ;  anterior  face  of  callosity  is  vertical, 
marked  with  shallow  longitudinal  groove  and  deep  central  pit,  and 
it  bears  on  its  free  edge  a  pair  of  small,  short,  blunt  cylindrical 
processes  (bases  of  crura)  projecting  into  the  pedicle  valve  (Figs.  16, 
le).  Muscular  impression  large,  oval,  consisting  of  pair  of  deeply 
sunk,  oval,  posterior  adductors  indistinctly  separated  from  a  pair  of 
rather  larger,  less  sunk,  anterior  adductors,  faintly  defined  in  front ; 
a  pair  of  low,  rounded,  diverging  ridges  bound  the  impression  laterally, 
said  a  narrow,  thin,  median  ridge,  thickest  and  highest  between  the 
posterior  adductors,  divides  it  longitudinally. 

Surface  of  shell  marked  with  30-40  low  flattened  ribs,  closely 
placed  and  separated  only  by  narrow  grooves.  In  the  internal 
casts  the  ribs  show  more  distinctly  than  on  the  exterior  of  the  shell 
itself.  A  few  concentric  growth  -  ridges  are  present  in  some 
specimens.    Shell  substance  thick,  massive,  impnnotate. 

DimeTuions : 


X. 

n. 

ni. 

nr. 

Length 
WiSh 

•  ■  • 

•  •  • 

67 
32 

...        63 
32 

...  M.  62 
...  M.  86 

... 

as 
as 

Thickness 

•  •  • 

33 

...  M.  34 

...  CO,  32 

•• . 

27 

99 


Specimens  i  and  ii  are  in  the  South  African  Muaenmy  Oape  Town. 
Specimens  iii  and  iv  have  been  presented  by  the  South  African 
Museum  to  the  Sedgwick  Museum,  and  are  in  the  latter. 

Localiiy,^ — Gouritz  Biver,  north  of  .the  Langebeigeo. 

Bemarki. — Eight  ipeoimens  of  this  inleteating  fosril  bsve  been 
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flubmitted  to  me  for  examination,  and  all  are  from  the  same  looality. 
They  are  in  the  condition  of  internal  easts,  with  the  ezoeption  of  one 
fragment  of  a  pediole  valve  (PL  XVII,  Figa.  3,  3a),  which  has  the 
shell  of  the  beak  and  of  the  adjoining  portions  preserved.  It  is 
onfortnnate  that  the  available  material  is  not  better,  bat  by  making 
casts  of  the  specimens  it  has  been  possible  to  draw  up  the  foregoing 
descniption. 

The  generic  position  and  relations  of  this  fossil  are  not  at 
ODce  obvions,  alUiongh  the  general  appearance  suggests  the  genns 
Beni9eiafia,  and  certain  features  recall  tne  imperfectly  known  genus 
Seaphioealia  from  the  Devonian  of  Bolivia.  This  genus,  of  which 
only  one  species  has  been  described  {8,  bolmeniis,  Whitfield ')r  is 
defined  by  its  author  as  follows : — **  A  terebratulotd,  brachiopodous 
shell,  having  a  strongly  convex  ventral  valve  and  a  longitudinally 
and  angularly  suloatod  dorsal  valve,  both  of  which  are  strongly 
plicated.  Internally  the  ventral  valve  has  a  strong,  deep,  triangular, 
byssal  opening  and  muscular  seat,  and  the  dorsal  has  strong  crural 
processes ;  but  the  loop  or  calcified  appendages  are  unknown.  Shell 
structure  strongly  fibrous,  without  any  puncture  under  a  hand- 
magnifier."  Hall  &  Clarke '  quote  this  description,  and  remark  that 
the  genus  mav  be  provisionally  regarded  as  allied  to  Centronella  and 
Trigeria.  Tne  type-species  reaches  a  size  of  over  3^  inches  in 
length.  Our  specimens  approach  this  in  dimensions,  and  possess 
the  large  incurved  beak,  foramen,  and  apparently  open  delthyrium 
indicated  in  Whitfield's  figures.  The  pedicle  valve  is  likewise  the 
more  convex  of  the  valves,  but  the  brachial  is  merely  flattened  and 
not  ''angularly  sulcated."  The  external  ornamentation  and  structure 
of  the  shell  appear  to  be  similar,  though  the  surface  of  our  specimens 
is  somewhat  abraded. 

Internally  our  shell  does  not  exhibit  the  perforated  hinge-plate  of 
Trigeria  and  its  allies ;  and  its  massive  binge-plate,  not  divided 
down  the  middle  and  not  supported  by  septa,  removes  it  from 
BensseUeria  and  Beaehia.  The  muscle-scars  are  also  quite  different 
The  characters  and  prominence  of  the  muscle-scars  in  the  pedicle 
valve,  and  the  massive  hinge-plate,  median  septum,  and  large, 
well-defined,  fiabellate,  adductor  impressions  in  the  brachial  valve  of 
Megalanteris  ovalis,  Hall,'  are  recalled  by  the  characters  of  our 
species,  but  we  have  no  evidence  that  the  latter  possessed  a  cardinal 
process  similar  to  that  found  in  Megalanteris,  The  beak  of  the  pedicle 
valve  is  less  prominent,  and  the  ornamentation  of  the  surface  of  the 
shell  different,  but  these  features  are  of  less  importance.  The  stout 
approximate  crura  in  our  shell  are  not  specially  distinctive. 

On  the  whole,  we  seem  to  have  a  shell  externally  resembling  in 
many  respects  SeaphioecBlia,  and  internally  showing  many  features 
of  resemblance  to  Megalanteri$.    The  ignorance  which  exists  as  to 

1  Whitfield:  Trans.  Amer.  Inst.  Mining  Engineers,  vol.  xiz  (1891),  p.  106, 
figs.  1-4. 

>  Hall  ft  Olsrke:  Paleont.  N.Y.,  vol.  yiii,  Braoh.  ii  (1894), p.  275,  figs.  193-196. 

5  Hall:  Pal.  N.Y.,  vol.  iii  (1869),  p.  458,  pi.  106,  figs.  2a-?.  Hall  &  Clarke, 
«p.  city  p.  277,  pi.  arm,  figs.  12-22. 
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the  internal  obaraoters  of  Seaphioealia  is  unfortunate;  but  on 
account  of  its  external  resemblance  and  its  typical  occurrence  in  beds  of 
which  the  fauna  has  been  proved  to  be  closely  allied  to  that  of  the 
Oape  Bokkeveld  formation,  we  may  provisionally  assign  our  species 
to  this  genus,  and  designate  it  by  the  distinctive  specific  name  of 
a/ricana.  I  am  inclined  to  thixik  that  the  poor  specimen  which 
I  described '  as  BensielcBria,  sp.  a,  from  Assegai  Boscli,  Boode  Berg» 
Ladismith,  should  be  referred  to  this  species,  or  at  any  rate  to  this 
genus;  and  it  is  not  impossible  that  the  other  form  described  as 
Ben$8eUBria,  sp.  /9,'  may  also  belong  to  it ;  but  they  are  in  too  poor 
a  state  of  preservation  to  establish  tiieir  position  without  doubt. 

Benssklabia  of.  ooNFLUENTiNA,  Fuchs.     (PI.  XVI,  Figs.  6,  6a.) 

There  is  one  tough,  grey  quartzose  sandstone  fragment,  deeply 
iron-stained  on  the  surface,  from  the  Gk)uritz  Biver,  north  of  the 
Langebergen,  which  contains  two  specimens  of  a  subcircular, 
strongly  convex,  and  radiately  ribbed  brachiopod.  Both  specimens 
apparently  represent  the  pedicle  valve,  and  the  better  preserved  one 
has  a  regularly  convex,  swollen  shape,  with  an  incurved,  moderately 
high  beak,  on  each  side  of  which  small  dental  plates  are  indicated 
by  slits  in  the  cast.  The  surface  of  the  valve  shows  no  fold  or 
sinus,  but  is  covered  by  about  40-50  regular,  closely  placed,  simple, 
radiating,  small,  rounded  ribs.  A  few  concentric  growth-ridges  are 
visible  towards  the  margin.  The  dimensions  of  this  specimen  are  as 
follows,  the  maximum  width  being  anterior  to  the  middle : — Length 
18*0  mm.,  width  19*0  mm.,  depth  (of  pedicle  valve)  8  mm.  Another 
specimen  of  approximately  die  same  size  from  the  same  locality 
consists  of  the  internal  cast  of  a  complete  individual,  slightly 
distorted.  The  shell  is  biconvex,  the  pedicle  valve  being  slightly 
deeper  than  the  brachial ;  and  the  shape  agrees  with  that  of  the 
previously  described  specimen.  The  oval  impression  of  the  diductor 
muscles  in  the  pedicle  valve  is  strong  and  deep,  and  extends  about 
one-third  the  length  of  the  valve  from  the  beak.  In  the  opposite 
valve  the  two  pairs  of  adductors  form  a  subtriangular  scar,  widening 
anteriorly ;  the  posterior  pair  is  narrow  and  deeply  sunk,  while  the 
anterior  pair  is  wider  and  less  clearly  defined.  A  low  median  ridge 
divides  the  pairs  longitudinally.  The  hinge-plate  was  deeply  deft, 
but  further  details  cannot  be  made  out.  The  ribbing  on  the  surface 
is  the  same  as  in  the  other  specimen. 

The  true  generic  position  of  these  brachiopods  is  somewhat 
doubtful,  but  I  believe  they  must  be  placed  in  the  genus  Bemselaria. 
The  internal  characters,  so  far  as  they  are  known,  agree  with  thi«( 
genus,  and  in  shape  and  general  features  B.  confluentina,  Fuchtt»' 
from  the  Lower  Devonian  of  the  Bhenish  area,  may  be  compared. 
This  species  is  described  and  figured  as  having  a  subrotundate 
outline,  with  40-^0  ribs  on  the  larger  mature  individuals,  with 
concentric  growth-strise,  and  mostly  without  a  median  septum  in  the 

1  Beed:  Ann.  8.  Afr.  Mas.,  vol.  iv,  pt.  3  (1903),  p.  176,  pi.  zxi,  fig.  8. 
»  Ibid.,  p.  177,  pi.  xxi,  fig.  9. 

'  Fuchs:  Jahrb.  kon.  preuss.  geol.  Landesanst.,  xxi?,  pt.  1  (1904),  p.  50,  pi.  rii, 
Hgs.  7-i4;  pi  viii,  figs.  l-U. 
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pedicle  valve.  Probably  the  poor  speoimens  referred  previooaly  by 
me  ^  to  Trigeria  aff.  Oaudryi,  Oehlert,  belong  to  the  same  form. 

If  a  speoific  name  for  this  shell  is  considered  desirable,  as  it  is 
probably  distinct  from  any  described  by  other  writers,  I  wonld 
suggest  the  name  rotunda,  in  reference  to  its  shape. 

Locality. — Gtonritz  Biver,  north  of  the  Langebsigen. 

Fttohospira  vabisoata,  sp.  nov.     (PI.  XYI,  Fig.  7.) 

In  three  fragments  of  the  bluish-gpiey  micaceoos  clay  containing 
Tentaaditee  erotalinuB  and  Naculitea  of.  Smithi,  from  an  '*  unknown 
locality/'  there  are  the  imperfect  internal  casts  and  external 
impressions  of  a  small  brachiopod,  which,  by  its  shape,  plications, 
and  remarkable  ornamentation,  is  closely  allied  to,  though  not 
identical  with,  Ftyehospira/erita  (Von  Bnch)  of  the  Middle  Devonian 
of  the  Eifel.  The  typical  shape  of  this  European  species  is  rather  more 
elongate  and  less  transverse;  and  it  has  a  few  rounded,  curved 
plications,  increasing  in  strength  towards  the  margin,  the  central  one  of 
which  in  the  pedicle  valve  is  straight  and  grooved  down  the  middle. 
Bnt  in  our  Gape  form  all  the  folds  are  nearly  straight,  and  there  seem  to 
be  3-5  lateral  ones  on  each  side  of  the  median  one,  instead  of  only 
3,  though  those  nearest  the  hinge-line  are  very  faint  and  weak.  The 
whole  surface  of  our  shell  is  also  covered  with  small,  closely-set 
pits,  arranged  mostly  in  irregular  quincunx  fashion,  bnt  forming 
radiating  rows  gently  curved  upwards  near  the  cardinal  angles,  and 
towards  the  front  there  is  a  tendency  for  2-S  adjacent  pits  to  fuse 
and  form  short  broken  lines  more  or  less  conoentrio  to  the  margin. 
A  few  concentric  growtb-ridges  are  also  present.  The  more  trans- 
verse shape  of  the  shell,  the  number  of  folds,  their  smaller  curvature, 
and  the  distribution  and  local  fusion  of  the  pits  on  the  surface 
distinguish  this  imperfectly  known  shell  from  Pt,  ferita,  of  which 
Sandberger^  has  well  figured  the  external  ornamentation.  The 
average  length  of  our  specimens  is  about  5  mm.,  and  the  transverse 
width  slightly  greater. 

EXPLANATION  OF  PLATES  XVI  and  XVII. 

Plate  XVI. 
Fig. 

1.  £uchiola  stibpalmataj  B^.  noy,     x  5.     Zwartber^  Piiss. 
la.    Ditto.     Outline  section  of  ribs  to  show  shape  and  elevation^ 

2.  Ditto.    View  of  another  complete  shell  from  above. 

3.  NyMsa  arguta.  Hall  (P).     x  2.     Zwartberg  Pass. 
3a.   Ditto.     Same  specimen,     x  2.     Anterior  view. 

4.  Sanguinolitea  niger^  sp.  nov.     x  Ij.     Zwartberg  Pass. 
4a.    Ditto.     Same  specimen  viewed  from  above. 

5.  SattguinoliU»{jt)  aeery«^.Tio^.     x  Ij.     Zwartberg  Pass. 
5a.    Ditto.     Same  specimen,     x  14.     Anterior  view. 

bb.  Ditto.     Same  specimen,     x  If .    Viewed  from  above. 

6.  RcHMeUgria  cf.  eonjlttentina,  Fuchs.     x  1^.    Pedicle  valve.     Gouritz  River. 
6a.  Ditto.     Same  specimen,     x  1^.     Side  view. 

7.  Ptt/chospira  varxegata^  sp.  nov.     x  6.    Internal  cast  of  pedicle  valve.     Locality 

unknown. 

'   Reed:  Ann.  S.  Afr.  Mus.,  vol.  iv,  pt.  3  (1903),  p.  178,  pi.  xxi,  tigs.  11,  12. 
'  Sandberger :     Verstein.    Rhein.    Svst.    Nassau,    1855,    p.    33U,    pi.    xxxiii| 
figs.  13r,  rf.     Hall  &  Clarke :  PalaDont.  N.Y.,  vol.  viii,  Brach.  li  (.VS^^V  ^.  Wl. 
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PtATl  XVII. 

Fio. 

1.  Seaphioealia  (?)  afiicanOt  sp.  noy.    Nat.  size.    Side  yiew  of  intemal  catL 

(>oimtz  River, 
la.  Ditto.    Same  specimen.    Anterior  view  of  shell. 
lb.  Ditto.    Same  specimen,  riewed  from  dorsal  (brachial)  aide. 
U,   Ditto.    Same  specimen.    Umbonal  region  of  pedicle  yabre,  inyerted  to  show 

details  of  structure. 

2.  Ditto.    Another  smaller  specimen.    Nat.  sise.    8id«  vieir  of  intemal  cast^ 

showing  ribbing  of  shell.    Same  locality. 

2a.  Ditto.    Same  specimen.    Nat.  size.    Anterior  view. 

2b,   Ditto.     Same  specimen.    Nat.  size.     Viewed  from  dorsal  side.     (The  right- 
hand  upper  portion  of  shell  is  obscured  by  matrix.) 

3.  Ditto.    Another   specimen.    Nat.    size.    Umbonal   region   of   an    imperfect 

individual,  with  shell  adhering  to  cast  of  pedicle  valve.    Same  locality. 
3a.  Ditto.    Same  specimen.    Nat.  size.    Full-face  view,  showing  sharp  incurved 
beak  of  pedicle  valve. 

d.  diductor  muscles ;  a.  adductor  muscles ;  e.  bases  of  crura ;  d.p.  dental  plates ; 
/.  foramen  in  beak  of  pedide  valve;  p,  central  pit  in  hin^-plate; 
t,r,  transverse  ridge  in  umbonal  carity  of  pedicle  valve ;  m,r.  median  ridge 
in  brachial  valve. 

[N.B.— With  the  exception  of  the  specimens  PI.  XVI,  Fig.  1,  and  PL  XVII, 
Fig.  3,  which  are  in  the  Sedgwick  Museum,  all  the  above  t^ies  are  in  the  South 
African  Museum,  Cape  Town.  J 


III. — The   Obigin   and    Mods  of    Formation   of  ths    Permian 

Bbecoias  of  the  South  Devon  Coast. 

By  Bkrna&d  Hobson,  M.Sc.,  F.G.S., 
Lecturer  in  Petrology  and  G^logy  in  the  Victoria  University  of  Manchester. 

(PLATE  XXI.) 

AFTER  visiting  in  1905  the  excellent  exposure  of  the  Perrao- 
Carboniferous  Dw^rka  Conglomerate,  containing  glacially 
striated  boulders,  overlying  glacially  striated  Barberton  beds  at  the 
foot  of  Gotshe  Mountain  in  the  Vryheid  district  of  Natal,*  it  occurred 
to  me  to  examine  the  Permian  breccias  of  the  South  Devon  coast 
to  see  whether  I  could  find  any  evidence  of  their  being  of  glacinl 
origin. 

The  breccias  in  question  have  been  frequently  described,  but, 
80  far  as  I  can  find,  the  published  information  is  very  vague  in  some 
respects,  more  particularly  as  to  the  size  of  the  fragments,  blocks,  or 
boulders  composing  the  breccia  which,  in  most  oases,  are  simply 
described  as  large  or  small,  than  which  nothing  can  be  more 
indefinite. 

As  large  blocks  are  much  more  easily  transported  by  ioe  than  by 
water,  I  paid  special  attention  to  the  size  of  the  blocks.  The 
localities  visited  lie  between  Roundhara  Head,  Paignton,  on  the 
BOuth,^and  Dawlish  on  the  north,  and  are  shown  on  the  Qeological 
Survey  maps  (new  series),  Sheets  339,  Teignmouth  (1899),  and  S50 
Torquay  (1898),  and  the  breccias  referred  to  are  those  overlying  the 
Watoombe  Clay  and  marked  e^  on  the  Survey  maps. 

,1  See  6.  A.  F.  Molengraaff,  '*  Geology  of  the  Transvaal,*'  Edinhnrgh,  1904^ 
p.  66. 
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L-<--THa  SiZI  OF  TBI  TBAMffPOBTtD   BlOOKS. 

Sir  H.  de  la  Beohe/  describing  the  Bed  Sandstone  Series,  says: 
'*  On  tbe  side  of  Little  Haldon  Hill  there  are  blocks  of  quartziferons 
porphyry  of  more  than  a  ton  in  weight*' 

Mr.  W.  Pengelly'  says:  "Again,  the  trappean  masses  are  not 
nnfrequently  of  great  size.  The  largest  probably  occur  near  the 
mouth  of  tlie  Teign,  especially  in  the  oli£f  lietween  Shaldon  and  the 
Ness  Point.  They  are  more  or  less  ellipsoidal  in  form,  and  sometimes 
measure  fully  five  feet  in  greatest  diameter." 

The  late  Mr.  B.  N.  Worth '  says :  **  We  have  another  valuable 
hint  [of  their  local  character]  in  the  fact  that  these  fragments  attain 
their  largest  size  in  the  vicinity  of  Teignmouth,  and  that  thence 
both  to  the  north  and  south  they  rapidly  graduate  downward  to  yeacy 
moderate  dimensions,  and,  in  fact,  into  sand.  .  .  .  Especially 
prominent  also  are  the  boulders  in  the  Dawlish  valley.  Blocks 
occur  ranging  to  four  and  five  feet  in  diameter." 

In  order  to  facilitate  reference  I  have  arranged  the  descriptions 
of  exposures  examined  in  regular  order,  beginning  at  the  south  and 
proceeding  along  the  coast  northwards. 

The  chief  points  to  be  brought  out  are : — 

(1 )  The  size  of  the  largest  blocks  observed. 

(2)  The  fact  that  they  often  occur  amid  blocks  (not  matrix)  of 
much  smaller  average  size. 

(3)  ITie  point  referred  to  by  Mr.  B.  N.  Worth  that  the  fragments 
(particularly  of  quartz- porphyry)  are  largest  between  Bundle  Head 
and  tlio  Ness  near  Teignmouth,  and  diminish  iu  size  both  to  the 
north  and  south. 

(4)  That  the  Devonian  limestone  fragments,  abundant  (iu  most 
cases)  to  south  are  comparatively  scarce  to  north  of  Teignmouth. 

In  describing  the  average  size  of  the  fragments  in  the  breccia  the 
matrix,  which  is  present  in  all  cases,  is  left  out  of  account 

1.     Boundham  Head,  near  Paignton,^ 

At  tbe  shore  end  of  the  south  side  of  Houndham  Head  is  a  very 
excellent  exposure  in  the  cliff,  estimated  at  50  feet  in  height.  The 
upper  three-eighths  of  the  cliflf  face  consist  of  breccia,  which  overlies  a 
bed  of  rock-sand  about  half  the  total  height  in  thickness  and  showing 
very  clear  current-bedding.'*  It  in  turn  overlies  another  bed  of 
breccia,  and  the  whole  series  is  tlirown  down  to  the  west  by  a  fault 
exposed  with  diagrammatic  clearness.^  This  is  perhaps  the  most 
convincing  exposure  I  saw,  proving  deposit  by  water.  At  this  spot 
the  breccia  is  not  coarse.     Most  of  the  fragments  are  from  one  to  four 

*  "  Report  on  the  Geology  of  Cornwall,  Devon,  and  "West  Somerset,"  1839,  p.  204. 
'  **  The  Red  Sandstones,  Conglomerates,  and  Marls  of  Devonshire,"  pt.  ii :  Ann. 

Rept.  and  Trans.  Plymouth  Inst.,  1862-3,  p.  30. 

'  **  The  Igneous  Constltaents  of  the  Triassic  Breccias  and  Conglomerates  of  South 
Deron  "  :  Q^iart  Joum.  Geol.  Soc,  1890,  pp.  71,  72. 

*  See  Phite  XXI,  Fig.  1. 

*  Pen^relly  describes  and  figures  false  bedding  at  Slapton,  Start  Bay,  and  Goodrington 
Sands,  Torbay:  Trans.  Plymouth  Inst.,  1862-3,  p.  31. 

*  See  W.  A.  E.  Ussher,  Geol.  of  Torquay :  Geol.  Surrey  Mem.,  1903,^1^.  lV(i>  VVV* 
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inches  across,  bat  I  saw  a  limestone  pebble  measuring  1  ft.  by  4|  in. 
The  fragments,  mostly  angular,  are  chiefly  Devonian  limestone 
(which  occurs  in  sitH  within  f  mile).  In  addition  vein  quartz 
and  purplish  red  sandstone  occur. 

2.     Preston  Cliffs  (Tor  Bay). 

In  these  clififs,  below  the  Volunteer  Battery,  at  the  northern  end 
of  the  sea  wall,  which  extends  northwards  from  Bed  Cliff,  six  feet  of 
breccia  are  exposed  at  the  foot  of  the  cliff,  overlain  by  orange-red 
current-bedded  sandstone  or  rock-sand,  and  the  dip  of  the  beds  is 
gently  southwards.  (This  direction  of  dip  is  unusual.)  The  breccia 
is  fine,  the  rook  fragments  being  from  1  to  4  inches,  exceptionally 
6  inches  long,  and  several  fragments  of  the  typical  red  quartz-porphyry, 
which  is  a  very  frequent  and  characteristic  constituent  of  these  breccias, 
were  seen,  one  of  them  4  inches  long,  besides  which  purplish  sand- 
stone and  (not  abundant)  limestone  fragments  occur.  The  small 
size  of  the  quartz-porphyry  and  scarcity  of  limestone  fragments  are 
noteworthy. 

3.     Petit  Tor  Crags,^  Bahhaeomhe  Bay. 

In  the  conglomerate  of  Petit  Tor  Crags  and  in  the  talos  of  fallen 
blocks  of  conglomerate  at  their  foot  probeibly  nineteen-twentietha  of 
the  subangular  fragments  consist  of  grey  Devonian  limestone,  often 
visibly  fossiliferous,  besides  which  there  occur  reddish  quartzite  and 
reddish  sandstone  and  a  few  pieces  of  red  quartz-porphyry,  all  in  a 
very  hard  coarse  sandy  matrix.  The  fragments  are  mostly  from  1  to 
6  inches  in  diameter,  though  limestone  boulders  up  to  1  ft.  8  in. 
by  1  ft.  1  in.  by  8  in.  are  not  uncommon.  Thin  beds  of  breocia 
alternate  with  layers  a  foot  or  two  thick  of  finer  material.  The 
abundance  of  Devonian  limestone  is  not  surprising,  as  it  occurs  in 
sit^  in  Petit  Tor  dose  by. 

4.   Watcomhe  Cove. 

At  the  south  side  of  the  cove  the  breooio-conglomerate  is  thrown 
down  by  a  fault  against  the  Watcombe  Clay,'  and  dips  at  45^ 
northwards.  By  far  the  greater  proportion  of  the  fragments  consist 
of  fossiliferous  Devonian  limestone,  of  which  an  unusually  large 
block  measured  1  ft.  10  in.  by  10  in.  by  6  in.  +  (partially 
embedded).  Next  in  abundance  (but  at  a  long  interval)  come 
fragments  of  reddish  and  purplish  sandstone,  boulders  resembling 
Permian  felspathic  trap,  and  a  few  bits  of  vein  quartz. 

A  microsoopioal  section  of  the  matrix  of  the  breccia-conglomerate 
at  Watcombe  Cove  shows  large  limestone  fragments,  bits  of  slate 
and  grit,  many  angular  quartz  sand  grains,  and  abundant  fragments 
of  volcanic  rook.  One  of  the  volcanic  fragments  is  crowded  with 
minute  spherulites,  showing  well-defined  black  cross  by  polarised 

-  >  See  Plate  XXI,  Fig.  2,  and  for  sectioii  of  Petit  Tor  see  W.  A.  £.  Uoher,  Ged. 
of  Torquay,  Geol.  Survey  Mem.,  1903,  p.  109 ;  and  **  Coast  Section  from  Babbaoooibe 
to  Watcombe,"  by  W.  A.  E.  Ussher,  Proc.  Gteol.  Assoc.,  toI.  xri  (1900),  p.  484. 

*  W.  A.  £.  Ussher,  *'  On  the  Age  and  Origin  of  the  Witoombe  Cut  *> :  Bapl. 
and  Trans.  Devon  Assoc.  Adv.  Sd.,  ix  (1877),  p.  298;  also  sedaon  in  Ftoo.  QeoL 
Assoc.,  xvi,  p.  434. 
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iight,  and  contains  porphyritio  brown  mioa.  It  closely  resembles 
a  spberulitic  liparite  I  collected  in  the  Orand  Oanon  of  the  Yellow- 
stone. The  most  interesting  volcanic  fragments,  however,  are  those 
which  closely  resemble  the  Permian  felspathic  traps  from  the  Exeter 
district,  which  I  described  in  1892.'  One  of  these  volcanic  fragments 
shows  felspar  laths  in  an  opaqae  matrix  consisting  partly  of  iron-ore 
and  partly  of  red  fermginoos  matter.  It  can  be  paralleled  by  my 
section  897  of  olivine  basalt  from  Baddon  Qoarry,  west  of  Thorverton, 
six  miles  north  of  Exeter,  although  I  mast  confess  that  none  of  the 
fragments  in  the  conglomerate  matrix  show  the  red  pseudomorphs 
after  olivine  so  characteristic  of  most  of  the  Permian  felspathic 
traps.  Another  type  of  volcanic  fragment  very  abundant  in  the 
matrix  shows  felspar  laths,  iron-ore,  brown  mica,  and  abundant 
faintly  greenish  short  prisms,  which  appear  to  be  apatite.  This 
rock  resembles  the  one  I  termed  mioa-augite-andesite  (Mr.  TealP 
terms  it  biotite-traohyte),  especially  my  section  900  from  Killerton 
Park,  o^  miles  N.  33^  E.  of  Exeter,  except  that  the  Killerton  rock 
contains  angite,  which  I  have  not  found  in  the  Watcombe  fragments. 

The  late  Mr.  R  N.  Worth '  also  records  felspathic  traps  from  the 
Permian  breccias  of  Torbay  and  Teignmouth.  On  the  other  hand, 
Mr.  W.  A.  E.  Ussher  *  says :  "  The  absence  of  signs  of  con- 
temporaneous vulcanidty  in  the  New  Bed  Rooks  of  the  area  [Geol. 
Snrvey  Map,  new  series,  sheet  350,  Torquay]  is  accounted  for  by 
their  evident  attenuation  through  a  conformable  overlap,  as  they  are 
traced  northward  towards  Exeter,  the  volcanic  horizon  being  higher 
in  the  series  than  the  strata  represented  on  the  map." 

Three  alternatives  occur  to  me— either  Mr.  R.  N.  Worth  and  I  are 
mistaken  in  our  identification  of  Permian  felspathic  traps  in  the 
breccias,  or  Permian  felspathic  traps  may  occur  in  sitii  beneath  and 
hidden  by  the  breccias,  or  Mr.  Ussher  may  perhaps  be  mistaken 
in  considering  that  they  lie  at  a  higher  horizon. 

5.   Cove  f  mile  south  of  Bundle  Head. 

Here,  again,  the  Devonian  limestone  fragments  in  the  breccio- 
conglomerate  still  form  a  majority :  the  largest  (subangular)  lime- 
stone block  observed  measured  1  ft  4  in.  by  1  ft.  1  in.  by  8  in. ;  an 
average  fragment  would  be  about  3  inches  across.  Fragments  of 
red  and  purple  sandstone,  quartz-porphyry  and  so-called  lydian  stone  ^ 
occur.  A  subangular  block  of  quartz-porphyry  measuring  1  ft.  by 
6  in.  by  11  in.  -|-  (partially  embedded)  was  observed,  and  about 
a  dozen  smaller  quartz-porphyry  blocks  occurred  within  three  yards 
of  it.  The  rock  fragments  here  are  on  the  whole  smaller  than  at 
Petit  Tor  Crags  and  Watcombe  Cove.     Seams  of  breccia  alternate 

*  Quart.  Joum.  Geol.  Soc.,p.  496. 

2  Ussher  &  Teall,  Geol.  of  Exeter  :   Geol.  Survey  Mem.,  1902,  p.  78. 
'  Quart.  Joum.  Geol.  Soc,  1890,  p.  76. 

*  Geol.  of  Torquay:  Geol.  Survey  Mem.,  1903,  p.  112. 

*  Rev.  J.  J.  Conyoeare,  **0n  the  Red  Rock  Marie,  or  Newer  Red  Sandstone"  : 
Annala  of  Philosophy,  n.s.,  vol.  i  (1821),  p.  257 ;  Conybeare  &  Phillips,  Geol. 
England  and  Wales,  pt.  i  (1822),  p.  294 ;  also  Ussher,  Geol.  of  Torquay,  1903, 
p.  Ill,  line  4. 
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with  seams  of  sandstone  and  dip  slightly  southwards.  There  is  mnob 
more  matrix  and  a  smaller  quantity  of  fragments  than  in  the  twa 
preceding  exposures. 

6.  Bundle* Jlead  and  the  Ness,^ 

As  Bundle  Head  is  half  a  mile  south  of  the  Ness,  it  should,  strictly 
speaking,  be  described  first,  but  it  is  more  <^nvenient  to  describe  the^ 
two  as  approached  from  Teignmouth. 

Grossing  the  Teign  at  the  ferry  from  Teignmouth  to  Shaldon, 
I  walked  to  the  Ness  (at  the  mouth  of  the  Teign),  passing  on  the- 
way  several  large  blocks  of  quartz-porphyry  on  the  beaoh.  The 
conglomerate  at  the  base  of  the  Ness  contains  a  considerable 
proportion  of  Devonian  limestone,  often  visibly  fossiliferous, 
purplish-red  sandstone,  some  red  quartz-porphyry,  and  a  few 
fragments  of  the  so-called  lydian  stone.  Ooing  southward  round 
the  foot  of  the  Ness,  I  found  lying  loose  upon  the  beaoh  a  block  of 
red  quartz-porphyry  measuring  3  ft.  by  2  ft.  6  in.  by  2  ft.  8  in.,  and 
eighteen  paces  to  south  of  it  another  block  of  the  same  rook 
2ft  10 in.  by  2  ft.  4 in.  by  2  ft  4in.  Both  of  these  blocks  agreed 
petrographically  with  the  red  quartz-porphyry  blocks  embedded  in 
the  oonglomei-ate.  This  red  quartz-porphyry  is  very  characteristio 
of  these  Permian  conglomerates  and  breccias,  and  its  petrographical 
characters  will  be  referred  to  later.  A  few  yards  south  of  the  last- 
mentioned  loose  block  is  a  mass  of  the  same  red  quartz-porphyry 
3  ft  6  in.  by  2  ft  by  2  ft  -f  partially  embedded  in  the  conglomerate^ 
and  another  few  yards  south  a  similar  block  2  ft  10  in.  by  2  ft  by 

1  ft  5  in.  also  in  the  conglomerate.  A  thousand  paces  south  of  the 
block  last  mentioned,  at  a  promontory  which  is,  1  believe.  Bundle 
Head,  and  lyin^  among  great  fallen  blocks  of  the  conglomerate,  is 
another  loose  block  of  red  quartz-porphyry  5  ft  by  3  ft  by  3  ft ;. 
six  paces  from  it  is  another  similar  block  3  ft  by  3  ft  6  in.  by  2  ft  9  in. 
Only   23   paces   further   south  is  a  block  of  Devonian   limestone 

2  ft.  Gin.  by  1  ft  Gin.  by  1ft,  apparently  embedded  as  to  its  lower 
surface  in  the  conglomerate,  though  it  may  have  been  squeezed 
down  into  it  by  the  action  of  the  sea.  Yet  most  of  the  blocks  in 
the  conglomerate  hereabouts  are  only  3  to  Cinches  in  diameter. 
Five  paces  from  the  last  limestone  block  another,  roughly  elliptical 
in  form,  3  ft  G  in.  by  2  ft.  8  in.  by  1  ft,  lies  loose  on  the  beach. 
Eleven  paces  from  the  limestone  block  last  mentioned  (and  lying  on 
the  top  of  fallen  conglomerate  masses)  are  two  blocks  of  red  quartz- 
porphyry  lying  close  together,  one  measuring  4ft.  Gin.  by  4ft  by 
2  ft.,  the  other  4  ft  by  4  ft  by  3  ft  Eight  paces  further  south  is 
the  largest  boulder  (of  any  rock)  I  saw  on  the  South  Devon  coast, 
a  block  of  red  quartz-porphyry,  6  ft  4  in.  by  5  ft.  by  3  ft.  G  in.,  to 
which  1  shall  refer  again.  It  lies  loose  on  the  beaoh  amid  huge 
fallen  masses  of  conglomerate.  Four  hundred  and  fifty  paoes  south 
of  the  last  (after  passing  several  others)  I  found  lying  loose  on  the 

>  See  G.  W.  Ormerod,  *'  On  the  Murchisonite  Beds  of  the  Estoarj  of  the  £x,  and 
an  attempt  to  classify  the  Beds  of  the  Trias  thereby":  Quart.  Joum.  Geol.  Soc., 
IS75,  p.  349,  and  section  from  Minnicombe  to  Lympstone,  fig.  3. 


Bernard  Hobsofh^Permum  Breceioi  of  8.  Ikum  Ooati.     31& 

Dortb  side  of  a  soar  of  oonglomentte  a  similar  boulder  8  ft.  6  in.  by 
2  ft.  9  in.  by  2  ft  9  in. ;  IW  pacea  further  south  two  similar  blooks, 
2ft  4in.  by  3 ft  by  1ft  4in.  and  2ft.  by  2ft.  by  1ft.  6in. 
respectively.  I  have  no  doubt  that  all  the  loose  blocks  hitherta 
mentioned  are  derived  from  the  neighbouring  Permian  conglomerate, 
aa  tbey  agree  lithologioally  with  the  blocks  in  the  conglomerate. 
Lying,  aa  most  of  them  do»  amongst  fallen  masses  of  conglomerate, 
they  do  not  appear  to  have  been  appreciably  worn  by  the  action  of 
the  existing  sea.  All  the  quartz-porphyry  blocks  at  Bundle  Head 
and  the  Ness  are  subangnlar.  It  is  on  account  of  their  exceptionally 
large  size,  and  not  as  average  specimens  of  the  blocks  composing  the 
conglomerate,  that  they  are  referred  to. 

7.  Teignmouih. 
On  walking  along  the  promenade  (sea-wall)  at  Teignmoutli 
towards  Dawlisb,  one  sees  the  breccio-oonglomerate  exposed  at  the 
baok  of  the  promenade  jnst  before  it  reaches  the  Great  Western 
Bail  way.  The  rock  fragments  in  the  breccio-oonglomerate  there  are 
generally  2  to  4  inches  across  and  smaller.  Qnartz-porpbyry  i» 
common  ;  a  subangular  block  of  it  measured  1  ft.  4  in.  by  1  ft  4  in. 
by  1  ft  -|-  partially  embedded.  Purplish-red  sandstone  fragmenta 
are  abundant,  and  the  so-called  lydian  stone  occurs.  No  limestone 
was  observed;^  indeed,  the  difference  between  the  abundance  of 
limestone  fragments  at  the  Ness  on  the  south  side  of  the  Teign  and 
its  comparative  scarcity  at  and  north  of  Teignmouth  is  such  that 
perhaps  one  may  suspect  that  the  beds  on  the  north  of  the  river  are 
faulted  down  compared  with  those  at  the  Ness. 

8,     Along  the  Great  Western  Bailway  between  Teignmouih  and  Dawlish. 

North  of  Teignmouth,  at  the  208J  mile-post  (from  London)  on  the 
railway,  the  breccia  has  an  apparent  dip  of  16°  to  20°  northward,  and 
consists  of  distinctly  angular  fragments,  mostly  about  8  inches  or 
less,  but  running  up  to  7  inches,  and  exceptionally,  in  the  case 
of  a  quartz-porphyry  block,  18  inches  in  diameter.  The  fragments 
consist  of  grey  quartzite,  greenish  quartz  -  porphyry  weathering 
reddish,  the  typical  red  quartz-porphyry,  puq^lish-red  sandstone, 
black  quartzite.  No  limestone  was  observed,  though,  as  remarked 
in  reference  to  Teignmouth,  a  minute  search  might  discover  some. 

Where  large  boulders  occur  in  these  South  Devon  breccias  they, 
so  far  as  observed,  lie  with  their  longer  axes  parallel  to  the  bedding- 
planes  ' — for  instance,  at  a  point  150  paces  south  of  the  208J  mile- 
post  (G.W.R)  a  quartz-porphyry  boulder  2  ft  8  in.  by  9  in.  by 
1  ft  4 in.  -{-partially  embedded,  elliptical  in  form,  moderately  well 
rounded,  lies  in  the  breccia  20  to  30  ft.  above  the  rails  ;  5  paces 
north  of  it  is  a  subangular  block  of  fine-grained  mottled  red 
sandstone  2  ft.  4  in.  by  1  ft.  6  in.  +  partially  embedded,  and  about 

1  Very  likely  a  minute  search  might  disooyer  some. 

*  Pengellysays:  **  The  pebbles  ue  with  their  lougest  axes  parallel  to  the  planes 
of  bedding"  (*^Th6  Bed  Sandstones,  etc.,  of  Devonshire,"  pt.  ii:  Ann.  Kept,  and 
Trans.  Plymouth  Inst,  1862-3,  p.  31). 


316      Bernard  Sobaon — Permian  Breccias  qf  8.  Dewn  Coast. 

1  o  ft.  above  it  another  inaocessible  blook  of  rook  over  1  ft.  in  diameter. 
All  tbeee  blocks  lie  parallel  to  the  bedding-planes,  whioh  have  an 
apparent  dip  of  20^  northwards.  No  evidence  of  a  boulder  dropped 
by  ioe  and  bending  down  the  laminsd  below  it,  as  desoribed  by 
Professor  James  (^eikie  ^  as  ooourring  near  Uddingston,  Lanarkshire, 
was  anywhere  seen.  At  the  208|  mile  post  (O.W.B.)  several 
fragments  of  limestone,  one  of  them  11  inches  long,  elliptical,  fairly 
well  rounded,  occur  in  the  breccia;  and  4  paces  north  of  the 
207f  mile-post  limestone  fragments  up  to  6  inches  long  occur  in  the 
brecda,  which  is  here  coarser  than  it  is  nearer  Teignmouth.  At 
124  paces  north  of  the  208  mile-post  a  block  of  reddish  quarts* 
])orphyry  2  ft.  by  1  ft  8  in.  occurs ;  north  of  the  207f  mile-post 
at  12  paces  is  a  boulder  of  typical  red  quartz-porphyry  1  ft  4  in.  by 
Sin.;  at  130  paces  a  (quartz -porphyry)  block  8  ft.  by  2  ft.  by 
1ft.  6in. -I-;  at  243  paces  a  (quartz -porphyry)  block  2ft.  2 in. 
by  1  ft.  All  these  four  blocks  are  in  the  breccia.  At  the  north  end 
of  Parson's  Tunnel  (the  first  north  of  Teignmouth)  fragments  of  red 
quartz-porphyry,  quartz-porphyry  with  greenish  gproundmass,  grey 
quartzite,  weathering  purplish,  and  limestone  occur  in  the  brecda. 
At  the  south  end  of  the  second  tunnel  from  Teignmouth  (129  paces 
north  of  the  207  mile-post)  the  breccia  is  not  at  all  coarse ;  most  of 
the  fragments  are  not  more  than  2  inches,  a  few  4  inches,  and  in  rare 
cases  6  inches  across.  Just  north  of  Dawlish  station  at  the  206  mile- 
post  the  rock  consists  of  alternating  beds  of  red  sandstone  and  breocia, 
each  4  inches  to  3  feet  thick.  The  breocia  consists  of  small  angular 
fragments,  mostly  1  inch  in  diameter  or  less,  but  a  few  3  to  5  inches 
across. 

II. — Thb  Origin  of  the  Quabtz-porphyuy  Blocks. 

The  late  Mr.  R.  N.  Wortli  has  decribed '  the  red  quartz-porphyry 
so  common  in  the  breccia  as  a  *'  Deep-red  porpbyritic  rock,  varying 
to  red  brown  and  piii-plish  brown ;  compact  felsitic  base  with 
porpbyritio  quartz  and  felspar,  some  of  the  latter  kaolinized,  some 
Murchisonite  ;  occasionally,  but  not  invariably,  some  mica.  This  is 
the  so-called  red  '  porpbyritio  trap '  more  or  less  characteristic  of 
the  conglomerates  within  our  area,  from  Torbay  to  the  Grediton 
valley,  and  the  origin  of  which  has  been  a  special  topic  of  discussion. 
Save  in  colour,  however,  these  fragments  are  hardly  distinguishable 
from  some  Dartmoor  elvans."  A  microscopical  section  which  I  have 
had  made  from  a  block,  which  measures  1  ft.  4  in.  by  9^  in.  by  5  in.  -|- 
and  still  remains  embedded  in  the  conglomerate,  at  the  Ness  opposite 
Teignmouth,  shows  phenoorysts  of  quartz,  felspar,  brown  mica,  and 
apatite.  The  felspar  consists  chiefly  of  much  altered  large  porpbyritio 
crystals  without  any  visible  twinning  lamellae,  and  of  much  scarcer, 
smaller,  and  fresher  porpbyritio  crystals  of  lath-shaped  form,  also 
not  visibly  twinned.  The  mica  phenocrysts  are  sometimes  inclosed 
in  the  larger  felspars.  The  ground-mass  appears  by  reflected  light 
reddish,  by  transmitted  light  brownish,  owing  to  ferruginous  matter. 

»  "  The  Great  Ice  Age,"  3rd  ed.  (1894),  p.  274. 
*  Quart.  Joum.  Oeol.  Soc.,  1890,  p.  75,  item  29. 
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By  polarized  light  it  is  not  iBOtropio,  but  oryptocryBtaUine, 
and  in  some  parts  mioroorystalline,  in  which  case  it  consists  of 
quartz  and  felspar.  I  have  written  to  Mr.  B.  Hansford  Worth 
to  inquire  whether  he  knows  of  any  definite  locality  where  this 
rook  occurs  ni  $UiL  He  has  kindly  sent  me  a  specimen  of  the 
felsite  from  the  Slope  of  Legis  Tor  (N.N.E.  of  Plymouth),  long. 
4''  (y  28'',  lat  60^  23'  20^^  described  by  him.'  It  bears  some 
resemblance  to  the  red  quartz-porphyry  of  the  Permian  breccia,  but 
it  di£fers  in  containing  "frequent  spheroids  and  aggregates  of 
minutely  crystalline  schorl,"  in  its  ground-mass  being  more  granular 
(distinctly  crystalline)  and  salmon-coloured  instead  of  compact  and 
chocolate  red,  and  in  having,  according  to  Mr.  Worth,  a  speoifio 
gravity  of  2-57,  whereas  I  found  for  a  specimen  from  the  (sectioned) 
Uook  tn  M^  in  the  conglomerate  at  the  Ness  2*49.  Mr.  B.  H.  Worth 
writes  to  me :  ''  But  from  Legis  Tor  there  comes  another  variant  The 
same  red  ground-mass.  Porphyritic  quartz  well  developed,  and  cream- 
coloured  felspars  numerous  and  prominent.  Kaoiinize  these  felspars 
and  yon  have  one  of  the  Teignmouth  rocks  at  once."  Though  I  doubt 
wheUier  an  exact  match  would  be  thus  obtained,  I  think  it  likely  that 
when  Dartmoor  is  more  thoroughly  known  such  will  be  found.  Tlie 
nearest  part  of  the  granite  mass  of  Dartmoor  is  nine  miles  from  tlie 
Ness.  In  1892 1  mentioned '  that "  A  mass  of  genuine  quartz-porphyry 
measuring  about  4  feet  by  1  foot  is  exposed  on  the  west  side  of  the 
road  opposite  to  the  entrance  gate  of  Dunohideook  House  [3^  miles 
south-west  of  Exeter],  but  it  appears  to  belong  to  the  New  Bed 
Breooia."  I  have  no  note  as  to  whether  this  was  the  typical  red 
quartz- porphyry,  but  it  is  only  4^  miles  from  the  Dartmoor  granite. 

ni. — The  Possibility  of  Tbansport  by  Water  of  the  labobst 

Blocks  observed. 

If  we  assume,  for  the  moment,  that  the  blocks  in  the  breocia  and 
conglomerate  have  been  transported  by  water,  it  is  of  interest  to 
calculate  the  velocity  of  the  current  required  to  move  the  largest 
block  of  quartz  -  porphyry  observed  near  Bundle  Head.  The 
dimensions  of  5  ft.  4  in.  by  5  ft.  by  3  ft.  6  in.  give  93j^  cubic  feet. 
Taking  its  specific  gravity  at  2*49  (that  of  the  red  quartz- porphyry 
blook  in  aitti  in  the  conglomerate)  and  the  weight  of  a  cubic  foot  of 
water  at  62*4  lbs.,  we  obtain  6  tons  9cwt  Iqr.  26  lbs.,  or,  if  we 
deduct  10  per  cent,  on  account  of  irregular  form,  5  tons  16  cwt.  2  qrs. 
4 lbs.  for  its  probable  weight.  Prof.  A.  Penck  ^  gives  a  formula 
from  whioh  the  velocity  of  current  at  which  a  cube  of  rock  with 
a  given  length  of  side  I  will  just  remain  motionless  on  a  horizontal 
surface  can  be  calculated  ;  it  is  v  =  3*86  Vl  If  we  take  the  contents 
of  the  block  to  be  93  cubic  feet  it  would  correspond  to  a  cube  of 
4*531  ft  or  1*381  metre  side.  The  required  velocity  is  22*33  kilometres, 

»  «*  The  Petroeraphy  of  Dartmoor  and  its  borders  "  :  Trans.  Devon.  Assoc.  Adv. 
Sd.,  Tol.  xxxiv  (1902),  p.  519. 
•  Quart  Jonm.  Geol.  Soc.,  1892,  p.  506. 
>  **  Morphologie  der  Erdoberflache^*  (1894),  vol.  i,  p.  280,  line  1«. 
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or  13*84  miles  per  hour.  Penok  assames  a  speoifio  gravity  of  2-2,  and 
that  of  the  qnartz-porpbyry  may  be  taken  as  13^  per  oent  higher ; 
hxxt  having  made  no  deduction  for  ite  irregular  form  in  oalcnlaiing  its 
contents,  the  result  will  be  approximately  oorreot,  so  that  a  current 
of  14  miles  an  hour  would  move  it  from  a  horisontal  surfaoe. 
Aooording  to  Prof.  F.  RatseP  torrents  may  attain  a  velocity  of 
^6  metres  per  second  (21*6  kilometres  per  hour).  Sir  A.  Oeikie' 
says  even  the  current  **  of  a  torrent  does  not  exceed  18  or  20  miles 
in  the  hour."  It  is  therefore  quite  possible  that  the  block  was 
transported  by  water. 

lY. — Thb  Modb  of  Fobmation  of  thi  Bbeooias. 

Mr.  W*  Pengelly  •  seems  to  have  regarded  the  breccias  as  due  to 
marine  action.  He  says,  "The  aggregation,  however,  does  not  appear 
to  be  such  as  would  have  resulted  from  the  action  of  a  stream  or 
current ;  it  rather  indicates  the  agency  of  waves  on  an  open  beach." 
He  also  assumes  that  the  beds  were  deposited  horizontally,  and  not 
inclined  as  in  a  delta  face,  for  he  gives  *  a  table  of  S4  observed  dips 
from  which  he  calculates  the  mean  amount  of  dip  at  15^°  and  the 
mean  direction  between  Saltern  Cove  and  Flat  Point  (Straight  Point) 
its  N.  44^  E.  true.  From  these  data  he  calculates '  that  the  thickness 
between  Goodrington  Sands  and  Straight  Point  is  four  miles,  to 
which  he  adds  1^  miles  for  the  thickness  between  Straight  Point  and 
KTharton  Bay,  giving  5^  miles  for  the  New  Red  Rocks  as  a  whole, 
while  Mr.  ITssher '  calculates  the  total  thickness  of  the  New  Red 
Rocks  of  Somerset  and  Devon  at  8,280  feet,  though  he  says  2,500  feet 
appears  a  more  likely  estimate. 

Mr.  Pengelly  seems  to  have  had  some  misgivings  as  to  the  beds 
having  been  deposited  horizontally,  for  he  quotes^  Sir  Charles 
Lyeirs  well-known  descnption  of  inclined  deltaic  deposits  at  Monte 
Oalvo,  near  Nice,^  but  adds,  *'  Possibly  something  of  this  kind  may 
have  occurred  in  the  formation  of  the  Devonshire  Trias;  nevertheless, 
I  am  not  aware  of  a  single  fctct  on  which  to  base  such  an  hypothesis.'* 

Mr.  Jukes-Browne  *  quotes  the  same  account  from  Lyell,  and  says 
that  '*  the  coarse  sandstones  of  Teignmouth  and  Dawlish,  with  their 
angular  fragments  of  local  rocks,  seem  to  be  torrential  deposits  of 
this  kind." 

In  the  accouut  of  the  **  Excursion  to  Newton  Abbot,  Chudleigh, 
Dartmoor,  and  Torquay  "  '^  there  occurs  the  following  passage  with 

1  <*  Die  Erde  und  das  Leben"  (1902),  vol.  ii,  p.  86. 

»  *«  Textbook  of  Geology,"  3rd  ed.  (1893),  p.  376  ;  4th  ed.  (1908),  p.  4S7. 

'  '*The  Red  Sandstones,  Conglomerates,  and  Marls  of  Deronshire,"  part  ii:  Ana. 
Kept,  and  Trans.  Plymonth  Inst.,  1862-3,  p.  81. 

*  Loo.  dt,  p.  29. 

^  Same  paper,  part  iii  (1864-5),  p.  40. 

>  "Ontne  Triassic  Kocks  of  Somerset  and  Devon*':  Quart.  Jonm.  Oeol.  Soc., 
1876,  p.  392. 

''  Loc.  ck.,  p.  45. 

»  «*  Elements  of  Geology,"  6th  ed.  (1866),  p.  18. 

9  **  The  Building  of  the  British  Isles,"  2nd  ed.  (1892),  p.  16S. 

*o  Proc.  Geol.  Assoc.,  vol.  xvi  (1900),  p.  434. 
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regard  to  the  O'ldioombe  Cliflii :  ''Mr.  Hunt,  tarning  to  theOliffii, 
remarked  that  the  oonglomerates  were  too  angular  aod  irregular  for 
marine  aotion,  and  on  too  Test  a  scale  for  river  action.  He  knew  of 
no  agency  to  which  they  could  be  attributed.  Mr.  Teal  I  at  once 
pointed  out  that  similar  accuinulatione  were  known  in  the  Himalayas, 
where  the  disintegration  of  strata  exoeeded  the  available  transport ; 
the  conglomerates  were  torrential."*  To  come  to  my  own 
observations — At  every  locality  on  the  coast  visited  there  was  clear 
evidence  that  theee  breooias  and  conglomerates  have  been  deposited 
by  water.  The  section  at  Roundham  Head,  Paignton,  first  described, 
is  perhaps  the  most  convincing  exposure,  but  at  every  locality  the 
bedding  in  the  breooias  and  conglomerates  is  clearly  seen. 

The  fact  that  the  large  boulders  in  the  breccia  lie  with  their  longer 
axes  parallel  to  the  bedding-planes  has  been  mentioned  in  describing 
the  section  between  Teignmouth  and  Dawlish.  Well-rounded 
pebbles  like  those  of  a  marine  shingle  beach  or  of  many  rivers  are 
exceedingly  uncommon.  Most  of  the  fragments  are  either  angular 
or  subangular,  and  this,  together  with  their  general  local  character, 
ia  against  their  having  been  transported  far.  Their  angular 
character  may  be  due  to  the  action  of  frost.  On  none  of  the  boulders 
or  fragments  did  I  observe  any  striae  which  I  could  regard  as  being 
of  glacial  origin.  In  favour  of  their  being  deposited  by  torrents  and 
in  originally  inclined  beds  of  deltaic  character,  is  the  huge  size  of 
some  of  the  blocks  occurring  amongst  much  finer  material,  for  it  is 
difiScult  to  imagine  two  such  contradictory  conditions  occurring  in 
combination  as  a  current  of  torrential  velocity  flowing  far  over 
a  comparatively  horizontal  surface  of  deposit,  and  nt  the  same  time 
transporting  huge  blocks.  On  the  other  hand,  it  is  a  very  remarkable 
fact  that  jast  where  the  largest  blocks  occur  at  the  Ness  and  Bundle 
Head  there  is  a  gentle  syncline  with  horizontal  beds  in  the  centre 
and  a  gentle  dip  to  N.N.E.  and  S.S.W.  on  the  respective  sides  (shown 
on  Geol.  Survey  map).^  Here,  if  anywhere,  one  would  have 
expected  a  deltaic  angle  of  dip.  This  is  a  point  in  favour  of  possible 
transport  by  ice.  Unless  this  be  considered  an  exception,  no  definite 
evidence  in  favour  of  glacial  action  in  transporting  the  fragments  in 
the  breccias  was  found.  This  fact,  however,  would  not  exclude  the 
possibility  that  the  breccias  might  be  of  fluvio-glacial  origin.  Not 
only  have  they  been  deposited  by,  but  probably  in,  water.  This  is 
indicated  by  the  frequent  current-bedding,  and  by  the  presence  at 
West  Town  (Ide)  and  Pocombe,  near  Exeter,  etc.,  of  sandstone  veins  ^ 
in  the  contemporaneous  lavas.  It  would  be  rash  to  conclude  that 
evidence  of  glacial  conditions  may  not  yet  be  found  by  local 
geologists  who  can  examine  the  contact  of  the  breccia  with  the 
underlying  Devonian  and  Carboniferous  rooks,  and  might  possibly 

>  See  also  Ber.  Dr.  A.  Irving,  Quart.  Joum.  Geol.  Soc.,  1888,  p.  157. 

'  Pengelly  (Trans.  Plymouth  Inst.,  1862-3,  p.  29)  gives  the  dip  at  Ness  Point  as 
^'^  to  N.  129 E.  mff.=E.  16J°  S.  true. 

'  TFBsher,  **  Oeolo^  of  Exeter'* :  Geol.  Survey  Mem.,  1902,  p.  59.  B.  Hobson, 
*' Basalts  and  Andesites  of  Devonshire,  etc.":  Quart.  Joum.  Geol.  Soc,  1892, 
p.  500. 
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find  strisd.  Finally,  it  may  be  well  to  add  tbat  no  attempt  bas  been 
made  to  give  an  exhaustive  list  of  tbe  rooks  represented  by  fragments 
in  tbe  breooias  at  any  looality,  and  that  while  all  tbe  ezposores 
desoribed  are  in  the  breooia  and  oonglomerate  e\  those  to  tbe  north 
are  usually  on  a  higher  horizon  than  those  to  the  south,  owing  to  the 
prevailing  north-easterly  dip. 


IV. — On  ths  Cabbonifkbous  Basbmbnt  Bids  at  Inglbton. 

By  Cosmo  JomrSy  M.I.Mech.E.,  F.G.S. 

DUBING  the  Spring  meeting  of  the  Yorkshire  (Geological  Society 
at  Pateley  Bridge  it  was  suggested  that,  as  a  first  step  towards 
the  zonal  classification  of  the  Lower  Carboniferous  rocks  of 
Yorkshire,  it  would  be  desirable  to  determine  the  horizon  of  the 
basement  beds  at  Ingleton  as  compared  with  tbe  Avon  sequence. 
As  the  Yorkshire  Naturalists  Union  had  arranged  a  meeting  at 
Ingleton  for  May  12-14th,  the  geological  route  was  arranged  so  as 
to  include  as  many  exposures  of  the  basement  beds  as  possible. 
The  result  of  the  observations  made  then  and  during  subsequent 
visits  is  the  subject  of  this  communication. 

The  district  investigated  is  so  well  known  and  has  been  desoribed 
or  noticed  by  so  many  workers  that  a  list  of  referenoes  would  be 
out  of  place  in  a  short  note  like  this.  It  does  not  appear  tbat  any 
previous  attempt  has  been  made  to  determine  the  exact  horizon  of 
these  particular  beds.  They  are  cut  off  towards  the  south  by  the 
North  Craven  Fault,  but  are  well  exposed  at  Norber,  on  both  sides 
of  Ingleton  Dale,  and  also  in  Thornton  Dale  below  Thornton  Force. 
The  beds  are  best  seen  in  Ingleton  Dale,  and  can  be  easily  traced 
by  the  line  of  springs  which  follow  approximately  the  800  foot 
oontour-line  on  both  sides  of  the  valley.  The  structural  features  are 
simple;  the  basement  beds  follow  the  uneven  lines  of  the  pre- 
Carboniferous  land  surface.  These  older  rocks  are  folded  and 
denuded,  so  that  they  now  stand  almost  vertical  with  a  strike 
averaging  north-west  and  south-east.  A  series  of  later  folds  along 
an  east  and  west  axis  probably  causes  a  repetition  of  the  beds,  and 
all  that  can  be  said  at  this  stage  is  that  we  have  here  probably 
a  oomplex  of  rocks  older  than  is  generally  considered. 

Above  the  basement  beds  come  the  Great  Soar  Limestone,  then  the 
Yoredale  Series,  while  a  capping  of  Millstone  Orit  appears  on  the 
highest  hills.  These  beds  lie  almost  horizontal,  are  practically 
undisturbed  by  faults,  and,  except  for  an  almost  imperceptible  dip 
to  the  north-east,  remain  just  as  they  were  deposited.  The  basement 
beds  themselves  consist  of  a  conglomerate  of  varying  coarseness, 
replaced  here  and  there  by  pure  limestone.  The  conglomerate  generally 
appears  in  the  hollows  of  the  pre-Carboniferons  fioor,  while  tbe 
orcHsl  of  the  eminences  are  often  covered  with  limestone  bands  free 
from  included  pebbles.  Quartz  pebbles  of  all  sizes  are  abundant, 
and  layers  of  conglomerate  are  often  separated  by  limestone  bands. 
At  tbe  foot  of  Norber,  where  25  feet  of  basement  beds  appear,  the 
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lower  aeries  of  fine  oonglomerate  with  well-rolled  pebbles  of  the 
older  grits  is  interstiatified  with  dark  limestone  oands,  and  is 
suooeeded  by  a  very  ooarse  oonglomerate  with  large  angular 
bonlders  of  grit,  proving  that  the  old  land  surface  was  still 
undergoing  denudation  somewhere.  No  Oarboniferous  Limestone 
inclosions  were  found,  though  oarefuUy  looked  for.  This  would 
indicate  that  the  older  laud  surface  was  being  progressively 
submerged. 

Fossils  were  only  collected  from  the  actual  basement  beds,  and 
from  those  exposures  where  their  relationship  to  the  older  rocks  could 
be  made  out.  Corals  and  Braohiopods  were  specially  searched  for  in 
view  of  the  remarkable  success  that  has  attended  Dr.  Vauffhan's 
adoption  of  them  in  his  zonal  classification^  of  the  Lower 
Carboniferous  rooks  of  the  Bristol  area.  The  successful  application 
of  the  same  methods  in  the  Pendine,  South  Wales,'  Mendips,*  East 
Derbyshire,*  and  Bush,  co.  Dublin,"  inade  it  all  the  more  desirable 
to  commence  the  investigation  of  the  Yorkshire  area  north  of  the 
Graven  faults. 

Corals  were  found  in  nearly  every  exposure,  but  the  Braohiopods 
were  very  badly  preserved.  iTothing  but  indeterminable  fragments 
were  found  at  Norber  or  the  eastern  side  of  Ingleton  Dale.  Ijarger 
fragments  and  a  few  fairly  well  preserved  specimens  were  obtained 
from  the  western  side,  chiefly  from  exposures  opposite  the  *  Granite ' 
Quarry.  Fragments  of  Bellerophon  sp.  were  obtained  on  both  sides 
of  the  Dale.  Large  Euomphalx  were  observed  in  sections  near  the 
waterworks. 

It  had  been  stated  that  a  limestone  band^  with  Zithosirotion 
ha$alti/orme  appears  in  the  conglomerate  at  Fox  Holes.  This  would 
seem  to  be  an  error.  This  species  was  not  observed  in  any  of  the 
exposures  visited,  but  as  it  was  seen  in  the  stone  walls  a  search  was 
made  at  Norber,  and  it  was  found  plentifully  in  aitH  about  125  feet 
above  the  basement. 

From  Dr.  Yaughan's  correlation  note  below  it  will  be  seen  that 
the  horizon  of  the  Ingleton  basement  beds  is  equivalent  to  the  top  of 
the  SyrtngothyrtB  zone  and  the  base  of  the  Semintda  zone,  or  Cj  and 
Si  of  the  Bristol  sequence.  It  corresponds  to  the  break  in  the  faunal 
succession  ^  dividing  the  lower  (Clevedonian)  from  the  upper 
(Kidwellian)  there.  It  also  approximates  to  the  time  of  volcanic 
activity  at  Weston.^  The  striking  conglomerate  and  very  probable 
unconformity  *  at  Pendine  in  South  Wales  is  of  the  same  age ;  while 
the  Bush  ^^  oonglomerate  of  co.  Dublin  is  also  synchronous.    Thus 

^  Quart.  Joum.  Geol.  Soc,  1905,  p.  181  et  seqq. 

*  Smnmanr  of  Progress,  1904,  p.  43. 

'  Quart.  Joum.  0^1.  Soc,  1906,  p.  324  et  seqq. 

*  Wedd:  Quart.  Joum.  Geol.  Soc,  1906,  p.  379. 
^  Quart.  Joum.  Geol.  Soc.,  1906,  p.  275  et  seqq. 

*  Trans.  Leeds  Geol.  Assoc,  part  v,  p.  26. 
f  Quart.  Joum.  Geol.  Soo.,  1905,  p.  263. 

*  Ibid.,  p.  250. 

'  Summary  of  Progress,  1904,  p.  44. 
10  Quart.  Joum.  Geol.  Soc.,  1906,  p.  288. 

DBOADB  T.— VOL.  HI.— XO.  YU,  1\ 


S23  Cosmo  Johns-^Carhoniferom  Beds,  IngleUm. 

the  final  oollapse  of  fhe  prerCarbonifeTons  land  snrfooe  at  Ingleton, 
north  of  tiie  Craven  fiimta,  was  oontemporaneons  with  widespread 
distnrbanoee  extending  from  Ireland  into  Wales,  and  was  indicated 
in  the  Bristol  area  by  the  ontponring  of  the  Weston  lava. 

The  widespread  distnrbanoes  already  referred  to  would  naturally 
follow  or  accompany  the  final  breakdown  of  the  ancient  land  surface  in 
the  north,  which  had  remained  unsubmerged  during  the  whole  of  the 
Old  Red  Sandstone  and  Clevedonian  periods.  That  earth-movements 
of  such  magnitude  over  such  a  wide  area  should  occur  at  the  horizon 
which  marks  the  faunal  break  at  Bristol,  and  be  indicated  by 
bractically  the  same  faunal  assemblage  at  places  like  Rush  and 
Ingleton,  affords  perhaps  the  best  proof  of  Uie  correctness  of  die 
zonal  classification  employed. 

'  An  investigation  of  the  faunal  succession  of  Ingleborough  and 
the  relation  of  the  various  zones  to  the  lithological  divisions  seen  in 
Uie  neighbouring  dales  is  in  progress. 

The  writer  desires  to  thank  Dr.  Vaughan  for  determining  the 
fossils,  and  for  the  note  on  the  faunal  correlation  below.  He  would 
also  like  to  express  his  indebtedness  to  Mr.  W.  Robinson,  of 
iSedbei^h,  for  his  valuable  assistance  during  the  several  visits  made 
to  fhe  district 

NoTS  BT  Abthub  Vauohan,  RA.,  D.Sc.,  F.O.S. 
Fauna  of  the  basement  beds  at  Ingleton  (Preliminary  Notice).' 

CordU, 

Syringopora  of.  diitans  :  abundant 

8.  cf.  retieulata  :  common. 

Michelinia  (cf.  Jfi  meg€uU>ma)  :  fragmentary. 

Caninia  (cf.  C.  eylindriea,  mut  S^)  :  common. 

Campophyllum  (?). 

Cyathophyllum  0 :  abundant 

JAthostrotion  cf.  Martini :  common  only  on  east  side  of  Ingleton  Dale. 

£.  sp.  (compare  form  common  at  Giltar,  near  Tenby). 

Clisiophyllid  (cf.  Carcinophyllum  mendipense)  :  common. 

Brachiopods. 

Produetui   (cf.  P.  $  and  P.  eorrugatus,   mut   0) :  abundant  but 

fragmentary. 
Papilionaceous  Chonetes:  common. 
Senizophoria  regnpinata :  one  fragment 
Bisuloate  Spirifer :  fragmentary. 
Spiriferid  (?  Spmferina) :  fragmentary. 
AihyrxB  cf.  escpaiMa :  common. 
Seminuloid  Athyrids :  fragmentaiy. 

^  Before  a  final  opinion  can  be  expreased  as  to  flie  exact  posttton  which  these  beds 
occuDy  in  the  Ayoman  seqnenoe,  it  will  be  neoessary  to  haro  acTeral  of  the  corals 
sliced,  and  to  study  the  fiiraohiopod  frafments  more  minalBly.  I  do  not,  howeyer, 
anticipate  that  the  result  of  sadi  fortner  work  will  In  any  way  aibct  the  main 
concivmon  which  is  here  stated. 
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Oati&ropodi. 

BeUerophon :  oommon.  (The  fragments  agree  with  the  form  whioh 
is  abundant  in  the  upper  part  of  C  in  the  faot  that,  whereas  the 
young  stage  exhibits  a  sulcate  periphery,  the  adult  is  strongly 
keeled.) 

COUUBLATION. 

Were  sndh  a  faunal  assemblage  as  that  oited  above  met  with  in 
the  South- Western  Provinoe,  the  level  at  whioh  it  ooourred  would 
unhesitatingly  be  referred  to  the  top  of  the  Syringothyris  zone  and 
the  bottom  of  the  Seminula  zone  (Cs-Si),  that  is,  to  the  middle  of 
the  Avonian  sequence.  This  correlation  does  not  rest  solely  upon  the 
oloee  similarity  of  the  Corals  and  Braohiopods  to  forms  whioh 
characterize  the  Cr-Si  level  in  the  South- Western  Province,  for  the 
^K>ncluBion  is  confirmed  by  the  absence  of  any  Braehiapod  or  Coral 
which  tf  known  to  he  confined  to  higher  leveU.  Assuming,  then,  that 
the  above  correlation  is  correct,  the  conglomerate  at  the  base  of 
I  Ingleborough  was  deposited  at  the  same  time  as  the  conglomerates  of 

I  Pendine  ^  (north  of  Tenby)  and  of  Rush  *  (oo.  Dublin). 

^  Hence  we  owe  to  Mr.  Cosmo  Johns  a  new  and  an  important 

page  in  the  history  of  the  widespread  Mid-Avonian  movement 


f 
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I. — Thc  Faoi  of  thb  Eabth.  By  Edwabd  Sukss,  Professor  of 
Geology  in  the  University  of  Vienna.  Translated  by  Hebtha 
B.  C.  SoLLAS,  Ph.D.,  of  Newnham  College ;  under  the  direction 
of  Professor  W.  J.  Sollas,  LL.D.,  F.R.S.,  etc.  Vol.  ii.  8vo ; 
pp.  vi,  556,  with  3  plates,  and  42  other  illustrations.  (Oxford : 
at  the  Clarendon  Press,  1906.     Price  25«.  net.) 

IT  is  a  privilege  for  which  many  of  us  cannot  be  too  thankful,  to 
be  able  to  read  in  clear  and  well -chosen  language  the  story 
unfolded  by  Suess  of  the  physical  history  of  the  Earth.  We  drew 
attention  in  the  Geolooioal  Maoazinb  for  May,  1905,  to  the 
translation,  by  Dr.  Hertha  Sollas,  of  the  first  volume  of  **  Das  Antlitz 
der  Erde"  ;  we  have  now  the  satisfaction  of  notifying  the  publication 
of  the  second  volume.  The  previous  work,  divided  into  two  parts, 
dealt  with  the  Movements  in  the  Outer  Crust  of  the  Earth,  and  with 
Mountain  Ranges.  The  present  work  (part  3)  deals  with  the  Sea. 
The  subject  is  introduced  to  us  in  pleasant,  not  to  say  poetic  language : 
**  We  have  descended  from  the  mountains  and  stand  on  the  sea-shore. 
The  eye  roams  unchecked  over  the  vast  expanse  of  waters.  A  great 
wave  approaches  and  seems  about  to  reach  us ;  suddenly  its  crest 
•curls  over,  it  plunges  downwards,  and  with  a  dull  roar  sweeps  a 
little  further  on  wiuout  wetting  our  feet.    Then  the  water  streams 

1  Snmmanr  of  Progress,  1904,  d.  44. 

'  Quart.  Joom.  Geol.  Soc.,  vol.  bdi  (1906),  i^.  *2.^^. 
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back,  and  a  long  green  ridge  of  seaweed  remainB  to  mark  the  limit 
of  its  advance.  Soon  a  aeoond  wave  follows,  then  the  third,  and 
from  time  to  time  one  somewhat  higher  than  the  rest,  which  whirls 
the  seaweed  farther  np  the  beach,  and  drives  ns  back  towards  the 
foot  of  the  cliff." 

We  are  then  drawn  to  examine  traces  of  an  older  strand,  standing 
high  above  the  existing  level  of  the  sea,  and  to  study  the  hbtory  and 
origin  of  the  displacements  of  the  strand-line.  In  order  to  avoid  **  the 
adventurous  sea  of  theories  for  the  solid  ground  of  fact "  the  author 
uses  for  the  older  term  ''elevation  of  the  land"  the  negative 
dieplacemeiU  of  the  etrandMne,  and  for  "  subsidence  of  the  land " 
the  poeitive  displacement  of  the  atrand'line. 

We  are  then  led  to  consider  the  outlines  of  the  Atlantic  and  Pacific 
Oceans,  and  of  various  lakes  and  islands.  We  are,  in  fact,  conducted 
all  over  the  world,  from  Greenland  to  Borneo,  to  Oochin  China  and 
Australia.  The  characters  of  the  strata  forming  the  lands,  and  the 
folds  and  disturbances  to  which  they  have  been  subjected,  are  treated 
in  remarkable  detail,  considering  the  vastness  of  the  area.  The 
tilted  strata  of  some  lands,  the  horizontal  beds  of  others;  the 
distribution  of  the  formations,  the  overlaps ;  the  changes  in  fauna  that 
were  due  to  retreat  of  the  gea  or  to  incoming  of  fresh- water  conditions, 
are  among  the  many  topics  discussed.  Oscillations  of  relative  level 
of  land  and  water  are  considered  in  reference  to  detrital  and 
calcareous  material,  and  to  the  sequence  of  deposits  that  make  up 
the  geological  formations. 

In  this  way  the  accumulations  formed  in  Falsdozoic,  Mesosoic,  and 
Tertiary  seas  are  described.  The  later  evidences  of  physical  changes 
afforded  by  the  Temple  of  Serapis  and  by  the  Baltic  and  North  Seas 
are  discussed  at  some  length. 

While  the  margins  of  the  great  oceans  are  seen  to  be  of  different 
ages,  the  basins  are  recognized  as  sunken  areas,  and  "  the  wedge- 
like outlines  of  Africa,  India,  and  Greenland,  all  pointing  towards 
the  south,  find  their  explanation  in  the  conjunction  of  fields  of 
subsidence  which  reach  their  greatest  development  in  the  same 
direction." 

It  is  difficult  to  give  more  than  a  bare  outline  of  the  subjects 
discussed  in  this  volume,  but  stratigrapher  and  palsaontologist, 
geographer  and  petrologist,  will  all  find  matters  of  abundant  interest 
The  pity  is,  as  we  before  stated,  that  no  index  is  given.  The  ever- 
increasing  literature  precludes  time  being  given  by  all  geologists  to 
the  perusal  of  a  work  like  the  present.  There  are  particular  points 
or  sections  that  specialists  may  desire  to  consult ;  to  them  an  index 
would  have  been  most  useful.  The  persistent  reader  would  have 
been  thankful  also,  as  new  terms  are  introduced,  and  it  is  not 
always  easy  to  remember  the  explanation. 

Despite  this  drawback  we  must  return  thanks  to  the  translator 
and  her  ^fted  father  for  the  pains  bestowed  on  the  work,  and  to 
quote  SLgain,  from  the  concluding  part  of  the  volume:  ''Our  voyage 
of  inquiry  through  libraries  and  literature  is  now  at  an  end,  and  we 
return  to  the  sublime  spectacle  which  served  us  as  our  starting-point, 
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the  beaoh  and  the  long  inflowing  roll  of  the  ooean  waves.  Still,  the 
mighty  ohoruB  resounds ;  still,  and  at  the  same  level,  the  rising  tide 
paases  before  it  recedes,  and  the  ebb  before  it  returns.  And  at  this 
same  level  the  ebb  and  flood  have  paused,  without  sensible  change, 
as  far  baok  as  man  oan  penetrate  into  the  past  of  his  own  race." 


II. — Albbbt  Gaudbt.  Fossilss  di  Pataoonii.  Lbs  Attitudbs 
DB  QUELQUES  Animaux.  Anuales  de  Pal6ontologie,  publi6es 
sous  la  direction  de  Marcellin  Boule.  I :  pp.  IhI2,  53  text- 
figures.  1906. 
rpHIS  second  part  of  Professor  Gaudry*s  '*Fossiles  de  Patagonie*' 
X  IB*  lil^e  the  first,^  chiefly  synthetical,  and,  accordingly,  the  majority 
of  the  numerous  figures  are  more  or  less  restorations.  The  reader 
who,  after  enjoying  the  author's  brilliant  synthesis,  wishes  to  fully 
appreciate  his  work,  is  referred  to  the  originals  in  the  Paris 
Museum :  **  il  sera  d'ailleurs  hoUe  de  verifier  mes  interpr6tations 
snr  les  pi^s  du  Museum."  Doubtless  it  is  an  easy  matter  for  those 
who  are  on  the  spot ;  unfortunately,  in  no  other  European  museum 
is  there  an  equally  rich  collection  of  Tertiary  mammals  from 
Patagonia.  That  is  not  Professor  Qaudry's  fault,  but  it  is  certainly 
the  merit  of  Monsieur  Andr6  Toumouer,  to  whose  untiring  energy 
and  generosity  the  Paris  Museum  owes  the  collection  in  question. 

The  author  divides  the  Patagonian  Ungulates  into  Bectigrada  and 
Flexigrada,  and  the  latter  again  into  Digitigrada  and  Plantigrada. 
Pyrotherium  and  A$trapotherium  resemble  the  Proboscidia  and 
Amblypoda  by  their  almost  straight  and  massive  limbs ;  the 
principal  function  of  the  bones  of  the  foot,  tightly  crowded  together, 
being  apparently  to  afford  a  solid  basis  to  these  articulated  pillars* 
These  are  the  Bectigrada  (Riitimeyer's  term  '  Saulenfiisser,'  for  the 
Proboscidia,  implied  the  same  meaning). 

Ungulates  with  more  flexible  limbs,  as  the  result  of  the  display 
of  more  activity,  either  made  use  of  their  limbs  for  locomotion  alone, 
both  fore-  and  hind-limbs  touching  the  ground  by  means  of  their 
third  phalanges  only  (Theosodon,  Diadiaphorua,  Froterotherium),  or 
the  fore-limbs  were  modified  for  fossorial  or  prehensile  functions 
{Neaodon,  Colpodon,  JSomalodontherium,  etc.).  When  they  were  thus 
employed,  the  weight  of  the  body  had  to  be  supported  solely  by 
the  hind-limbs  resting  on  the  whole  planta.  The  former  are  the 
Flexigrada  digitigrada,  the  latter  the  Flexigrada  plantigrada. 

Anterior  limba, — ^The  anterior  limbs  of  Pyrotherium  are  exceedingly 
short  as  compared  with  their  hind-limbs,  so  that  the  head  must 
have  been  inclined  towards  the  ground.  Aatrapotherium,  with 
longer  fore-limbs  and  not  provided  with  a  proboscis,  was  enabled 
to  turn  its  fore-limbs  obliquely  outwards,  and  thus  to  reach  the 
ground  with  its  mouth  after  the  manner  of  the  giraffe.  The 
anterior  limbs  of  the  North  American  Dinoeeraa  present  striking 
resemblances  with  those  of  Aatrapotherium, 

^  Albert  Gaudry,  "  Fossiles  de  Patagonie.  Dentition  de  quelques  Mammif^res  ** 
.(Mem.  de  la  Soc.  g6ol.  de  France,  Paleontologie,  t.  2ui,  m6m.  Ko.  Z\1 ,  \^Q\V 
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The  digitigprade  ProUroiherium  was  more  monodaotyle  even  thao 
the  horse;  the  dififerenoes  with  the  'Solipeda'  are,  however,  oon- 
siderable. 

Neaodon,  among  the  Plantigrada,  has  fore-limbs  presenting  more 
analogies  with  the  Carnivora  and  oertain  Bodents  (e.g.  the  squirrels) 
than  with  the  berbivoroas  Ungulates.  The  fore-limbs  of  Homalodon- 
ikerium  at  first  sight  recall  those  of  an  enormous  Carnivore,  but 
like  those  of  Neaodon  were  endowed  with  less  mobility. 

Posterior  limbs. — The  posterior  limbs  of  Pyrotherium  are,  like  the 
anterior,  those  of  a  Reotigrade ;  having  to  fulfil  the  same  functions 
as  the  posterior  limbs  of  the  Proboscidia  and  the  Amblypoda,  these 
organs  have  converged  in  the  three  distinct  gproups.  Aatrapotherium 
also  was  apparently  a  Reotigrade ;  the  body  being  less  massive  than 
in  the  typical  Rectigrada,  the  posterior  limbs  were  endowed  with 
a  oertain  degree  of  mobility. 

Like  the  Rectigrada,  the  Digitigrada  touched  the  ground  with 
iheir  ungual  phalanges  only  ;  the  conformation  of  their  astragalus, 
liowever,  shows  that  their  posterior  limbs  possessed  a  great  amount 
of  flexibility.  Besides,  their  limbs  were  slenderer  and  more 
el^ant. 

In  the  Plantigrada,  on  the  contrary,  the  rotation  of  the  tibia  on 
the  astragalus  was  rather  limited ;  their  fore-limbs  being  adapted  to 
prehensile  or  fossorial  functions,  they  required  a  certain  amount  of 
immobility  in  their  posterior  limbs. 


ni. — Det  oemtbalb  Nobges  fjeldbtgning.  By  K.  O.  Bjobltkkeu 
8  and  595  pages  and  map.  With  a  supplement:  Notes  on 
Gbaptolites  fbom  Bbatlamd  in  Gausdal,  Nobwat.  By  Chables 
Lapwoutu.  16  pages  and  plate.  Norges  Geologiske  Under- 
sogelse,  No.  39.     Eristiania,  1905.^ 

rilHE  first  part  of  this  memoir  of  the  Geological  Survey  of  Norway 
JL  deals  with  the  district  around  the  Mjosen  Lake.  The  formation 
known  as  Sparagmite  is  in  great  force.  It  lies  unconformably  on 
the  Archcean,  and  consists  of — 

1.  At  the  top,  light-coloured  felspathio  sandstone  and  conglomerate. 

2.  A  limestone,  the  Biri-kalk. 

3.  A  conglomerate,  the  Biri-conglomerate. 

4.  A  dark-coloured  sparagmite  (felspathio  sandstone). 

Above  the  Sparagmite  Formation  there  is  a  quartz-sandstone  and 
grey-greenish  shales,  shown  by  the  author  to  be  allied  to  the  blue 
quartzite  of  Valdres,  and  above  this  come  the  schists,  eta,  of  the 
Silurian.  The  author  gives  a  full  account  of  the  Sparagmite 
Formation,  and  in  his  seoond  part  traces  it  into  Osterdal,  the  valley 
through  which  the  Ohristiania-Trondbjem  railway  runs. 

The  third  part  of  the  memoir  deals  with  Gudbrandsdal.  The 
author  describes  some  small  patches  of  rock  which  underlie  the  dark 

^  **  On  the  Geology  of  Central  Norge,"  by  K.  0.  Bjorlykke.  A  rammary  of 
a  Jar^r  (the  above)  work,  2  and  27  pages  and  map,  Exiskania,  1905. 
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^puragnute,  and  whioh  he  believes  to  be  tbe  oldest  part  of  that 
fonnation. 

Passing  io  the  tribataiy  valley  of  the  Biver  Jora,  the  author  deals 
with  a  rook*  whioh,  though  resembling  sparagmite,  rests  upon  and 
not  imder,  ^e  Silnriant  and  he  names  it  the  Younger  Sparagmite. 
He  believes  it  to  be  of  Devonian  age.  It  is  olosely  assooiated  with 
thepost-Silurian  eruptive  rocks  of  the  Jotunheim  Mountains. 

The  fourth  part  of  the  work  deals  with  Yaldres,  Hemsedal,  and 
Laerdal,  and  the  author  traces  the  Younger  Sparagmite  to  tbe  Some 
Fjord,  and  south-west  into  the  district  around  Yossevangen.  The 
rocks  included  in  the  Younger  Sparagmite  Formation  are  a  part  of 
those  grouped  together  by  Ejerulf  ^  under  the  general  title  Hdifjelds 
kvartsen. 

Brogger  speaks  of  the  group  as  the  Younger  Gneiss  Formation,  and 
has  described  it  in  his  valuable  memoir  on  the  Hardanger  vidda.* 
He  points  out  that  in  places  it  bears  a  great  resemblance  to 
^e  Arohsean  Gneiss,  but,  like  Ejerulf,  he  treats  the  succession  as 
normal,  and  the  Younger  Gneiss  as  of  later  date  than  the  Silurian 
schists  upon  which  it  rests. 

In  the  present  work  Mr.  Bjorlykke  describes  how  various  authors, 
himself  included,  have  been  led  to  suggest  that  some  part,  at  least, 
of  this  younger  gneiss  may  be  overthrust  masses  of  the  Archaaan. 
Professor  A.  E.  Tornebohm  has  gone  much  further,  and  has  brought 
forward  a  series  of  overthrusts  on  a  gigantic  scale  in  explanation  of 
the  structure  of  the  Scandinavian  mountains. 

Mr.  Bjorlykke's  recent  work  in  the  field  leads  him  to  think  that  the 
theory  of  overthrusting  has  been  carried  much  too  far,  and  be  doubts 
whether  tbe  evidence  goes  further  than  to  show  quite  looal  pushing 
of  strata  over  one  another.  He  accordingly  reverts  to  the  opinion  of 
Ejerulf  and  Brogger,  that  the  succession  is  on  tbe  whole  normal,  and 
the  Younger  Gneiss  group  newer  than  the  Silurian  schists.  He 
divides  that  group  into  two  parts.  The  first  is  the  Younger 
Sparagmite  Formation,  of  which  we  have  already  spoken,  and  in  the 
other  he  places  the  more  gneiss-like  rocks,  suggesting  that  they  are 
more  or  less  metamorphosed  igneous  rocks  connected  with  the  great 
mass  of  post-Silurian  eruptives  which  are  largely  developed  around 
the  head  of  the  Sogne  Fjord  and  in  the  Jotunheim  Mountains. 

The  author  explains  that  Norway  is  affected  by  two  systems  of 
folding.  The  first,  which  he  terms  the  "  Mountain-chain  "  system, 
runs  N.N.E.  and  S.S.W.,  whilst  the  other,  which  he  terms  the 
"  Strike-systera,"  runs  W.N.W.  and  E.S.E. 

Tbe  memoir  is  accompanied  by  a  sketch-map  geologically  coloured, 
and  numerous  maps  and  photographs  are  inserted  in  the  text. 

In  the  Supplement,  Professor  Lapworth  describes  and  figures  a 
series  of  Graptolites  collected  by  Mr.  Bjorlykke  in  Gudbrandsdal. 

HOBAOE  W.  MONOKTON. 

*  Th.  KjeroU,  *•  Udaigt  oyer  det  svdlige  Norgee  geologi,"  Chrisliania,  1879,  p.  164. 

*  *•  Lagtolgen  paa  Hardanger  vidda  Norgcs  uoologiake  undersogelse,"  No. 11, 1893. 
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tV. — TTnitbd  Statss  Osolooioal  Subyxt  (Bulletin  No.  266, 
Series  C,  Systematio  G^logy  and  Palaaontology).  Ohablcs  D. 
Waloott,  DireotOT.  Paubontoloot  or  thb  Malonb  Jubassio 
Formation  of  Tbxas.  By  Fbakois  Whittbmobb  Cbaqin. 
With  Stratigrapbioal  Notes  on  Malone  Monntain  and  the 
surroanding  Region  near  Sierra  Blanoa,  Texas.  By  T.  W. 
Stanton,    pp.  1-109,  plates  i-xxix.     8yo.    Washing^n,  1905. 

IN  the  introductory  portion  of  this  paper  Mr.  Cragin  describes  the 
geolo^  of  the  region,  with  remarks  on  the  fossils  and  related 
faunas.  'Diis  is  followed  by  a  stratigrapbioal  sketch  by  T.  W. 
Stanton,  accompanied  by  a  map,  showing  the  Sierra  Blanca  and 
other  mountain  chains  with  their  contour-lines.  The  rest  is  taken 
up  with  a  description  of  the  species  of  fossils. 

After  describing  the  topographical  features  of  the  region,  an 
account  of  its  geology  is  gi^en,  in  which  it  is  stated  that  all  the 
fossils  were  obtained  from  Malone  Mountain  and  the  neighbouring 
bills  —  the  Malone  hills.  These  hills  extend,  trending  at  first 
eastward  and  then  southward  as  a  practically  continuous  Jurassic 
outcrop  through  the  Neocene,  for  a  distance  of  a  mile  and  a  half. 

The  Malone  formation  was  found  to  be  extremely  rich  in  fossils, 
as  the  long  lists  clearly  testify.  They  include  a  new  species  of 
AitroeoBnia  {A.  Maloniana),  two  echinoids,  Sblectypm  and  PygwuM, 
many  molluscs,  a  serpula,  and  the  fin  spine  of  a  selachian  of  an 
indeterminate  genus. 

The  affinities  of  its  fauna  clearly  refer  the  Malone  formation  to 
the  Jurassic.  The  sections  Undulatss  and  Costatsd,  to  which  several 
of  the  Malone  Trigonias  belong,  are  exclusively  Jurassia  With  one 
exception,  represented  by  a  single  somewhat  imperfect  mould,  none 
of  them  agrees  perfectly  with  generic  groups  hitherto  known  from 
Cretaceous  rocks  exclusively.  This  evidence  of  the  age  of  the  rocks 
is  further  strengthened  by  that  afforded  by  the  Ailimonites,  the 
genus  of  most  frequent  occurrence  being  FeriBphincieB,  the  species 
of  which  show  the  closest  affinities  with  those  of  the  Tithouian  of 
Europe. 

It  is  observed  that  a  considerable  number  of  the  fossils  of  the 
Malone  formation  are  identical  with  some  of  those  of  the  Alamitos 
beds,  described  by  Castillo  and  Aguilera  in  San  Luis  Potosi,  Mexico, 
and  there  can  be  little  doubt  that  the  Malone  and  Alamitos  beds 
represent  approximately  the  same  horizon. 

Twenty  excellent  plates  and  a  serviceable  index  complete  this 
interesting  monograph  on  Jurassic  fossils.  A.  H.  F. 


V. — CONTBIBUTIONS  TO  THB   HiSTOBY  OV  AmBBIOAN   GbOIOGT.       By 

Qbobge  p.  Mbbbill,  Head  Curator  of  Greology,  U.S.  National 
Museum.  From  the  Report  of  the  United  States  National 
Museum  for  1904,  pp.  189-784,  with  87  plates  and  141  text- 
figures.     8vo.     Washing^n,  1906. 

rpHlS  record  of  the  birth  and  growth  of  geology  in  the  United 
X     States  and  Canada,   written  by  one  of  the  most  able  and 
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indefatigable  workers,  is  of  exoeptional  interest  It  is  indeed  a 
wonderful  reoord.  That  a  geological  map  of  the  United  States  of 
America  (the  area  referred  to  at  that  time  being  east  of  the  Mississippi) 
fhonld  hare  been  pablished  in  1809,  is  in  itself  a  remarkable  fao^ 
and  one  of  which  Americans  may  justly  be  proud.  That  map, 
showing  the  areas  of  Primitive,  Tnmsition,  Secondary,  and  Alluvial 
Bocks,  and  also  tracts  of  Bock  Salt,  was  the  product  of  William 
Haolure.  It  was  the  earliest  attempt  at  a  geological  map  of  America, 
and  was  published  six  years  prior  to  William  Smith's  map  of  England 
and  Wales:  of  course,  a  far  more  elaborate  work.  G^logical 
descriptions,  mostly  of  a  minendogical  nature,  had  been  published  in 
America  as  early  as  1785.  The  author  terms  the  first  period  of 
American  geology  the  Maclurean  era  (1785-1819),  the  second,  the 
Eatonian  era  (1820-29),  being  marked  by  the  labours  of  Amos  Eaton; 
and  onwards  the  periods  are  divided  according  to  the  State  Surveys, 
the  first  decade  of  which  dates  from  ;i8d0  to  1839,  and  here  again  the 
United  States  was  in  advance  of  Britain.  From  beginning  to  end 
the  work  is  full  of  information  on  the  history  and  progress  of 
g^logy ;  and  it  is  profusely  illustrated  with  portraits  of  the  workers, 
from  those  of  Benjamin  Silliman  and  William  Maolure  to  E.  Billings 
and  C.  D.  Walcott  Special  efforts  were  made  to  obtain  portraits 
representing  the  individual  at  the  period  of  his  career  under 
discussion*  In  an  appendix  there  are  tables  showing  the  gradual 
development  of  the  geological  column,  as  given  in  the  principal 
textbooks;  and  there  are  also  brief  biographical  sketches  of  the 
leading  workers  in  American  geology. 


i^E3P>OI^TS     JLHTID     I^I^OOEIEJXDIISrGhS. 


Qbolooioal  Sooixtt  of  London. 

I.  —  May    9th,    1906.  —  Aubrey    Strahan,    M.A.,    F.B.S.,    Vice- 
President,  in  the  Ohair. 

The  Chairman  read,  on  behalf  of  the  Council,  a  letter  of  con- 
dolence addressed  by  the  Foreign  Secretary  to  the  Swiss  Geological 
Society  on  the  loss  of  Professor  Eugene  Henevier,  For.Memb.G.S., 
whose  death  was  the  result  of  an  accident,  which  took  place  only 
a  few  days  before  the  proposed  celebration  of  his  professorial  jubilee 
at  Lausanne  University. 

The  Chairman  announced  that  the  Council  had  resolved  to  award 
the  proceeds  of  the  Daniel  Pidgeon  Fund  for  1906  to  Miss  Helen 
Drew,  Newnham  College,  Cambridge,  who  proposes  to  examine  the 
relationship  of  the  Caradoo  and  Llandovery  rocks  in  South  Wales, 
between  the  Llandeilo  and  Fishguard  districts. 

The  following  communications  were  read  : — 

1.  "  The  Eruption  of  Vesuvius  in  April,  1906."  By  Professor 
Giuseppe  de  Lorenzo,  For.Corr.  G.S. 
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After  the  great  eruption  of  1872  VesuvioB  lapsed  into  repoee, 
marked  by  merely  solfatario  phenomena,  for  three  years.  Strom- 
bolian  aotivity  followed,  varied  by  lateral  outpoorings  of  lava  b 
1885,  1889,  1891,  1895,  eta,  and  by  oatbursto  from  the  principal 
orater  in  1900  and  1904u  Eissuring  of  the  oone  and  slight  out- 
pourings of  lava  began  in  May,  1905,  and  continued  until  April  4th, 
1906,  when  the  first  great  outburst  from  the  principal  orater 
occurred,  accompanied  by  the  formation  of  deeper  and  larger  fissures 
in  the  southern  wall  of  Uie  cone,  from  which  a  great  mass  of  fluid 
and  scoriaceous  lava  was  erupted.  After  a  pause  the  maximum 
outburst  took  place  during  the  night  of  April  7Ui  and  8th,  and  blew 
8,000  feet  into  the  air  scorisd  and  lapilli  of  lava,  as  well  as  fragments 
derived  from  the  wreckage  of  the  cone.  The  south-westerly  wind 
carried  this  ash  to  Ottajano  and  San  Giuseppe,  whidi  were  buried 
under  8  feet  of  it,  and  even  swept  it  on  to  the  Adriatic  and  Monte- 
negro. At  this  time  the  lava  which  reached  Torre  Annunziata  was 
erupted.  The  decrescent  phase  began  on  April  8th,  but  the  collapse 
of  the  cone  of  the  principal  crater  was  accompanied  by  the  ejection 
of  steam  and  dust  to  a  height  of  from  22,000  to  26,000  feet  On 
April  9th  and  10th  the  wind  was  north-easterly,  and  the  dust  was 
carried  over  Torre  del  Greco  and  as  far  as  Spain ;  but  on  April  11th 
the  cloud  was  again  impelled  northward.  The  ash  in  the  earlier 
eruptions  was  dark  in  colour,  and  made  of  materiak  derived  directly 
from  the  usual  type  of  leuootephritic  magma;  but  later  it  became 
greyer,  and  mixed  with  weathered  clastic  material  from  the  oone. 
The  great  cone  had  an  almost  horizontal  rim  on  April  18th,  vety 
little  higher  than  Monte  Somma,  and  with  a  crater  which  possibly 
exceeds  1,000  feet  in  diameter;  this  oone  was  almost  snow-white 
from  the  deposit  of  sublimates.  Many  deaths  were  due  to  asphyxia, 
but  the  collapse  of  roofs  weighted  with  dust  was  a  source  of  much 
danger,  as  was  the  case  at  Pompeii  in  a.d.  79.  The  lava-streams 
surrounded  trees,  many  of  which  still  stood  in  the  hot  lava  with 
their  leaves  and  blossoms  apparently  uninjured.  The  sea-level 
during  the  7th  and  8th  of  April  was  lowered  6  inches  near  Pozzuoli 
and  as  much  as  12  inches  near  Portici,  and  had  not  returned  to  its 
previous  level  on  April  18th.  The  maximum  activity  coincided 
almost  exactly  with  the  full  moon,  and  at  the  time  the  volcanoes  of 
the  PhlegrsBan  Fields  and  of  the  Islands  remained  in  their  normal 
condition.  The  author  believes  that  this  eruption  of  Vesuvius  is 
greater  than  any  of  those  recorded  in  history,  with  two  exceptions — 
those  of  A.D.  79  and  of  1631. 

2.  ''The  Ordovician  Bocks  of  Western  Oaermarthenshire."  By 
David  Cledlyn  Evans,  F.G.S. 

The  ground  dealt  with  is  practically  identical  with  that  examined 
by  the  late  Thomas  Roberts,  whose  notes  were  published  in  1893. 
It  extends  from  the  River  Cywyn  on  the  east  to  the  Tave  on  the 
west,  and  from  the  base  of  the  Old  Bed  Sandstone  on  the  south  to 
the  top  of  the  Dicranograptus  Shales  on  the  north.  The  area  is,  in 
the  main,  a  denuded  anticlinal  fold  with  an  east-and-west  axis. 
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oomplioated  by  minor  folds,  halting,  thrusting,  and  crushing.    The 
soooeasion  on  the  northern  limb  of  tiie  antidine  is  as  follows : — 

BiLLA-CARADOC. 

T  T  A wr»v  /  J^idffwuigrtiptm  Murehiiomi  Beds. 

^^^*^''^^^'  \  mdymograptut  bi/dut  Beds. 

Arikxo.  Trtroifraptui  Beds. 

The  suooession  on  the  southern  limb  is  similar,  but  passes  up  into 
higher  beds,  as  shown  below  :— 
LowBR  Llanooyxrt. 

/Blade  Beds. 

«AT.  n*«*~^  jBedhiUBeds. 
Bala-Oaradoc.  I  sij^ieshook  Beds. 

\  Bobeston  Wathen  Limestone. 

LLA3n>BiLo,  Llantirn,  and  Abxsiq  as  above. 

The  crushing  and  fraoturing  of  the  rooks  have  brought  together 
into  a  small  area  facies  of  rooks  differing  litbologically  and  in 
faunas,  the  difference  being  well  shown  in  corresponding  beds  on 
opposite  sides  of  the  anticline.  The  majority  of  faults  are  strike- 
faults,  many  of  them  being  thrusts ;  these  are  sometimes  so  close 
together  that  the  structure  cannot  be  fully  displayed  on  the  1  inch 
scale.  Cleavage  affects  the  rocks  on  the  northern  limb,  but  is 
almost  absent  on  the  south;  it  was  induced  at  a  later  date  than 
the  faulting.  The  chief  igneous  rocks  are  intrusions  of  diabase; 
and  there  are  ashes  in  the  Llanvirn  and  Llandeilo  Beds  and  an  ashy 
shale  in  the  Arenig. 

A  description  of  the  entire  succession  of  rocks  is  given,  accom- 
panied by  lists  of  fossils,  and  each  division  of  importance  is  followed 
through  its  whole  extent  as  shown  in  the  area.  In  correlating  the 
rocks,  it  is  shown  that  the  Middle  and  Upper  Arenig  rocks  compare 
with  those  of  St  Davids  ;  the  Llanvirn  rocks  are  very  similar, 
litbologically,  to  the  beds  of  Llanvirn  and  Abereiddy,  and  the  faunas 
are  practically  identical ;  the  Llandeilo  rocks  are  in  the  main  like 
those  of  Pembrokeshire,  but  the  Leptogra^ius  division  of  the 
Dicranograptus  Beds  closel}'  resembles  the  liorrington  Flags  of 
Shropshire ;  the  Bala-Caradoc  rocks  fall  into  the  divisions  already 
established  by  Marr  &  Roberts  in  an  adjoining  area  ;  and  the  rocks 
assigned  to  the  Lower  Llandovery  are  barren  of  organic  remains,  as 
they  are  elsewhere. 

II.— May  23rd,  1906.— R.  S.  Herries,  M.A.,  Vice-President,  in  the 
Chair.     The  following  communications  were  read  : — 

1.  "  On  the  importance  of  Jlalimeda  as  a  Reef-forming  Organism  ; 
with  a  descnption  of  the  Halimeda  Limestones  of  the  New  Ilebrides." 
By  Frederick  Chapman,  A.L.S.,  F.R.M.S.,  and  Douglas  Mawson, 
BJL,  B.Sc.  (Communicated  by  Prof.  T.  W.  Edgeworth  David, 
B.A.,  F.R.S.,  F.G.S.) 

Calcareous  algse,  nuUipores,  lAthoihamnion,  etc.,  have  been  fre- 
quently referred  to  as  forming  important  contributions  to  the  rock 
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of  coral  reefs.  The  material  obtained  in  the  great  boring,  the  lagoon 
borings,  and  lagoon  dredging  at  Funafuti  has  yielded  a  considerable 
quantity  of  Malimeda;  and  Dr.  Gnppv  has.  described  a  JSaUmeda 
Limestone  in  the  Solomon  Islands.  Evidence  such  as  this  shows 
that  the  important  deposits  of  calcareous  plant-remains  forming  at 
the  present  day  can  scarcely  be  paralleled  by  any  deposit  formed  in 
past  geological  times,  exoept,  possibly,  the  limestones  of  the  Alpine 
Trias,  which  owe  their  origin  to  the  thallophytes  Diphpora  and 
OyroporellcL  Among  other  Malimeda  Limestones  mentioned  by  the 
authors  are  those  of  Christmas  Island,  Fiji  and  Tonga,  and  the  New 
Hebrides.  The  examples  from  the  last-named  group  are  described 
in  detail.  They  differ  considerably  one  from  the  other  in  the  con- 
dition of  preservation  of  their  chief  organic  contents.  Chemical  and 
microscopic  analyses  of  the  several  examples  are  given.  Halimeda 
seems  to  be  more  liable  to  decay  than  jAtkoihamnion^  corals,  or  fora- 
roinifera,  and  yet  it  appears  to  retain  its  structure  to  a  considerable 
depth  in  reefs.  Much  of  the  fine  powdery  limestone  associated  with 
coral  reefs,  and  more  especially  with  upraised  coral  islands,  may  be 
primarily  due  to  lagoon  and  other  deposits  formed  by  the  agency  of 
Halimeda. 

2.  "  Notes  on  the  genera  Omoepira,  Zophoepira,  and  Ikrritoma ; 
with  descriptions  of  New  Species."  By  Miss  Jane  Donald.  (Com- 
municated by  Professor  E.  J.  Gktrwood,  M.A.,  Sec.  G.S.) 

In  a  previous  paper  the  author  referred  to  the  researches  of  Ulrich 
and  Eoken  among  the  earlier  Gasteropoda,  and  to  the  groups  into 
which  they  had  divided  them.  Much  knowledge  is  still  required  with 
regard  to  their  origin  and  relationships  before  really  satisfactory 
divisions  can  be  made.  The  new  species  described  in  the  paper  belong 
to  three  genera,  characterised  by  the  possession  of  a  band  on  all  the 
whorls  formed  by  the  gradual  filling  up  during  growth  of  a  sinus,  and 
not  a  slit,  in  the  outer  lip.  The  genera  Lophospirat  Whitfield,  and 
Turritomaf  Ulrich,  are  not  really  true  Murobisonidsd,  but  are  allowed 
for  the  present  to  remain  in  that  family.  Ulrich  places  Omospira  in 
the  family  Raphistomidas,  but  it  is  not  a  characteristic  member,  for 
the  whorls  are  more  convex  and  the  spire  higher  than  is  the  case 
with  the  other  genera  belonging  to  the  family.  Ulrich's  description 
is  quoted  and  discussed,  and  one  new  species  is  described  from  beds 
of  Upper  Bala  age.  Of  the  genus  Lophospira,  Ulrich's  four  sections, 
and  sub- sections  of  certain  of  these,  are  discussed.  Five  new  species 
are  referred  to  the  perangulata  section,  one  new  species  and  one 
variety  to  the  hicincta  section,  and  one  species  to  the  robtuta  section. 
One  new  species  is  described  of  Tturritoma.  The  specimens  dealt 
with  are  mainly  from  the  collections  of  Mrs.  Gray,  the  Sedgwick 
Museum,  the  Bristol  Museum,  and  the  Geological  Survey  of  Scotland. 

The  Bev.  H.  H.  Winwood,  in  exhibiting  a  series  of  water-colour 
drawings  of  Mexican  scenery,  said  that  these  beautiful  sketches  were 
executed  by  Miss  A.  C.  Breton,  during  a  recent  visit  to  Mexico;  and» 
as  the  International  Geological  Congress  was  about  to  meet  in  that 
country,  she  thought  that  some  of  the  Fellows  might  like  to  see 
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them.  They  lepreaented  that  line  of  aotive  aod  extinct  Toloftnos  whioU 
stretohee  from  the  Gulf  of  Mexico  on  the  east  to  the  Pacific  Ocean 
on  the  west,  incloding  Orizaba,  Popooatepetl,  Jamllo,  and  Oolima. 
A  short  extract  from  the  publications  of  the  Mexican  (Geological 
Surrey,  translated  by  Miss  Breton,  was  read  respecting  ttie  forma- 
tion of  Popocatepetl  (* smoking  mountain'),  showing  how  the 
niooessive  periods  of  volcanic  energy  may  be  marked  (a)  by  a  perioil 
of  lava-flow,  (&)  by  one  of  breccia,  and  finally  (c)  by  one  of  ashes. 
The  angles  of  slope  of  the  volcanos  were  drawn  to  scale. 

Professor  H.  J.  Johnston-Lavis  exhibited  upward  of  forty  lantem- 

ilide  views  to  illustrate  the  late  eruption  of  Vesuvius  and  its  effects. 

Nearly  all  these  were  taken  by  the  exhibitor,  who  explained  the 

different  phenomena  portrayed.     He  considered  this  eruption  to 

resemble  mostly  that  of  1822,  although  the  present  crater  was 

larger,  attaining  1500  feet  both  north-by-south  and  east-by-west ; 

it  was  probably  500  to  600  feet  deep  at  least.    The  remarkable 

oharaoter  about  this  eruption  was  the  large  amount  of  fragmentary 

material  ejected,  especially  in  a  north-easterly  direction,  crushing  in 

the  roofs  of  the  buildings  in  the  towns  of  Ottajano,  San  Giuseppe, 

and  Tersigno.    At  the  first-named  locality  the  depth  attained  was 

about  0*75  metre,  made  up  as  follows : — 

m. 

0*04  Grey  dost. 

0*49  Bedduh  lapilli,  chiefly  <  sapplementary  ejecta.' 

0*20  Black  vericular  scoria,  chiefly  the  <  essential  ojeota.* 

The  material  which  fell  at  the  Observatory  and  Naples  had  much 
the  same  arrangement,  but  was  of  course  less,  and  practically  only 
sand  and  dust  Near  the  base  of  the  cone  the  ejecta  attain  to  blocks 
several  tons  in  weight ;  and  it  may  be  estimated  that,  at  the  north- 
eastern toe  of  the  great  cone,  in  some  places  the  d6bris  must  be 
60  feet  thick.  It  is  to  be  seen  as  much  as  30  feet  in  thickness  in 
the  new  ravines  that  have  been  formed 

After  careful  study,  the  speaker  had  come  to  the  conclusion  that 
the  remarkably  uniform  and  deep  scoring  of  the  cone  by  very  regular 
'barrancos*  was  due  to  the  sliding  and  avalanohe-like  effect  of  the 
rapidly  accumulating  fragmentary  material  on  the  steep  slopes,  and 
not  due  to  water  action. 

The  mountain  seems  to  have  opened  at  four,  if  not  five,  different 
places  on  the  south-western,  southern,  and  south-eastern  sides,  giving 
rise  to  at  least  three  important  streams  of  lava.  Another  rift,  to  the 
north-north-east  of  the  cone,  emitted  lava  that  forms  an  apron  on 
that  side  of  the  mountain,  and  must  of  course  have  been  formed 
early  in  the  eruption,  that  is,  before  the  7th  to  8th  of  April. 

The  ejected  blocks  are  ohiefiy  old  lavas  and  scoria,  partly  re- 
cooked  and  metamorphosed,  with  their  cavities  filled  by  tacbylytia 
juice  from  the  fluid  magma  of  the  neighbouring  chimney.  The 
cavities  are  also  often  lined  by  sublimations  of  augite,  hornblende, 
leudte,  microsomite,  hsdmatite,  halite,  and  a  well-crystallized  yellow 
deliquesoent  mineral,  which  proves  to  be  a  new  chloride  of  manga- 
nese and  potashi  for  which  a  new  mineral  name  is  proposed.    A  few 
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^gments  of  limestone,  and  tbe  yarioos  mineral  aggregates  deriTed 
by  metamorpbism  from  it,  are  met  witb,  but  tbey  are  cbiefly  re- 
ejeoted  old  ejected  blocks.  A  ligbt-green  spongy  taobylite  is  alio 
frequent. 

The  <  essential  ejecta/  either  as  scoria  or  lava,  do  not  show  any 
marked  dififerenoe  from  tbe  nsnal  prodncts  of  Vesnyins  in  sim^ 
emptions  during  tbe  last  three  centuries. 

Although  much  damage  has  been  done,  great  areas  of  rugged  lava 
fiurfaces  that  would  have  required  centuries  to  render  cultivable,  are 
now  available  for  tbe  growth  of  woods,  vines,  and  herbaceous  plants. 


III.  — June  13th,  1906.  — Sir  Archibald  Oeikie,  D.C.L.,  SaD., 
Sec.  B.S.,  President,  in  the  Chcdr.  The  following  communi- 
cations were  read : — 

1.  "  Recumbent  Folds  produced  as  a  Besult  of  Flow."  By 
Professor  William  Johnson  Sollas,  Sc.D.,  LL.D.,  F.B.S.,  F.G.S. 

Professor  Lugeon,  in  his  treatise  on  the  pre-Alps  of  Chablais,  has 
described  a  series  of  recumbent  folds  so  greatly  exceeding  in 
horizontal  extension  their  vertical  thickness,  that  they  are  commonly 
spoken  of  as  sheets  rather  than  folds ;  they  lie  with  remarkable 
flatness  one  on  the  other,  and,  as  a  rule,  those  higher  in  tbe  series 
extend  farther  to  the  front  than  those  below,  a  feature  referred  to  as 
'  d^ferlement'  The  roots  of  several  of  the  lower  of  these  folds  are 
visible  in  tbe  high  Alps  adjacent,  but  the  roots  of  the  higher  folds, 
whicb  form  the  pre-Alps,  must  be  sought  in  the  zone  of  Mont 
Blanc  and  the  Brian^onnais.  Thus  some  of  the  uppermost  folds 
may  have  surmounted  the  obstacle  presented  by  Mont  Blanc,  on 
their  way  to  the  front  in  the  pre-Alps.  Many  of  the  features 
presented  by  recumbent  folds  are  more  suggestive  of  flowing  than 
bending.  Experiments  have  been  made  with  pitch-glaciers  (poissiers) 
in  which  an  obstruction  had  been  placed.  In  this  way  folds  were 
produced,  one  of  which  was  not  unlike  the  Morcles  fold  behind  the 
Diablerets,  another  was  like  the  Pilatus,  and  yet  anotber  like  the 
Sentis,  and  the  fourth  compared  with  the  overslide  of  tbe  Bavarian 
front ;  all  four  exhibit  deferlement.  In  this  experiment  tbe  lower 
limb  of  each  fold  is  adjacent  to  the  similar  limb  of  its  neighbours ; 
but  in  another  experiment,  in  which  two  obstacles  were  used,  the 
results  were  nearer  to  those  seen  in  the  mountains  where  the  lower 
limb  of  a  superior  fold  reposes  on  the  upper  limb  of  the  fold 
immediately  beneath  it  Movement  of  this  cnaraoter  may  possibly 
explain  tbe  want  of  continuity  of  certain  beds  at  the  coxiolusion  ii 
the  movement 

2.  ''  The  Crag  of  Iceland  —  an  Interoalatioii  in  the  Basalt 
Formation."  By  Dr.  Helgi  Pjelursaon.  (Oommimicatod  by 
Professor  W.  W.  Watts,  M.A.,  M.Sc.,  F.B.S.,  Sec  G.S.) 

The  existence  of  fossiliferous  deposits  on  tbe  west  coast  of  Tjdmes^ 
Northern  Iceland,  has  been  known  for  nearly  160  yean.  Moroh 
enumerates  61  species  of  moUusoa,  and  concludes  that  the  temperati»e 
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must  at  that  period  bare  been  muoh  milder  thaa  at  present.  Qwyn 
Jefifreys  and  Searles  Wood,  from  the  shells,  oonsidered  that  the 
deposit  oould  not  be  ronnger  than  Middle  Red  Crag,  bnt  Mr.  Starkie 
Gardner  was  inclined  to  assign  a  greater  age  to  it.  Dr.  Thoroddsen 
thinks  that  these  Orags  are  younger  than  the  'Old  Basalts'  of 
TjiSmes.  The  anthor  finds,  however,  that,  at  a  height  of  500  feet 
above  the  sea,  they  are  overlain  by  the  'Eastern  Basalts,'  and 
are  indurated  and  altered  by  them.  Thus  there  is  a  fossiliferous 
intercalation,  over  500  feet  thick,  occupying  part  of  the  great 
gap  between  the  Tertiary  and  the  Pleistocene  rocks,  the  latter 
containing  indurated  ground-moraines.  Tlie  basal  layer  of  the 
Pleistocene  Series  is  fossiliferous,  and  has  yielded  22  species  of 
mollusca,  20  of  which  represent  a  highly  Arctic  fauna  (with  Toldia 
arctica),  such  as  is  at  the  present  day  found  living  along  the  coasts 
of  Spitzbergen.  Certain  of  the  larger  basalt  dykes  are  cut  off  at  the 
base  of  the  Crag.  The  absence  of  the  Crag  deposits  from  other 
localities  is  explained  by  the  erosion  of  the  coastline. 


THE  ZONB  OF  08TESA  LUNATA. 

Sib, — I  have  no  objection  to  the  distinction  which  Mr.  Brydone 
wishes  to  make  between  '  international '  and  '  provincial '  zones,  but 
I  must  maintain  my  opposition  to  his  conception  of  a  proviDcial  zone. 

I  believe  that  I  express  the  generally  accepted  view  of  such 
a  zone  in  briefly  defining  it  as  a  band  of  strata  characterised  by 
a  special  group  of  species.  That  is  the  definition  of  a  zone  given 
by  me  in  vol.  i,  p.  34,  of  the  Memoir  on  the  Cretaceous  Hooks  of 
Britain,  and  the  zone  of  (htrea  lunata  as  proposed  in  vol.  iii  of  that 
memoir  is  based  upon  that  definition,  the  name  being  an  index  of 
the  fauna  and  not  of  the  zonal  limits. 

Now  Mr.  Btydone  wants  to  restrict  a  provincial  zone  to  a  band  in 
which  some  type-fossil  can  always  be  found  in  every  foot  of  its 
thickness !  Moreover,  he  has  the  boldness  to  say  that  all  the  zones 
introduced  by  Barrels  in  the  South  of  England  below  that  of 
MaraupiteB  cor-anguinum  answer  to  the  test  he  imposes.  I  am 
greatly  surprised  that  he  should  commit  himself  to  such  a  statement, 
for  it  is  not  true  even  of  the  Chalk  of  Dover,  while  he  ought  to 
know  that  in  Dorset  JSblaiter  stibglohosus  is  so  rare  in  the  upper 
part  of  the  Lower  Chalk  that  I  have  not  heard  of  one  being  found. 
Again,  in  some  parts  of  Wiltshire  Terebratulina  lata  is  quite  a  rare 
fossil  in  the  Terebratulina  zone.  These  are  cases  in  which  the 
Chalk  is  almost  unfossiliferous,  and  how  can  his  idea  of  a  zone  be 
applied  to  them  ? 

He  asks  me  how  I  would  define  the  upper  and  lower  boundaries 
of  the  zone  of  0.  lunata.  I  reply,  in  precisely  the  same  manner  as 
the  other  zones  adopted  in  my  memoir  are  defined,  not  neoessarily 
by  the  index-species,  but  by  means  of  the  fauna  as  a  whole.  It  may 
be  that  its  base  is  best  defined  by  the  incoming  of  T.  gract({8,  oAid 
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its  top  (if  it  has  one  in  England)  may  be  marked  by  the  dying  oat 
of  other  species  and  by  the  incoming  of  a  different  fauna. 

If  Mr.  Btydone  wants  to  introduce  a  new  system  of  zonal 
classification  for  the  Chalk,  by  all  means  let  him  try,  but  it  is  not 
reasonable  to  find  fault  with  me  for  choosing  0.  lunata  as  an  index 
of  the  Trimmingham  zone  merely  because  it  does  not  satisfy  his  own 
peculiar  idea  of  what  a  zone  and  a  zonal  index  should  be. 

A.  J.  Jukbs-Browne. 


ANTERAQOUYA  IN  THE  RADSTOCK  COAL-MEASURES. 

Sm, — Whilst  collecting  at  the  Lower  Writhlington  Coal-pit, 
working  the  Badstock  Series  of  Coal-measures,  I  had  the  good 
fortune  to  find  several  specimens  of  Pelecypods.  As  no  shell 
except  Carhonieola  aquilina  has  been  so  far  recorded  from  these 
beds,  I  thought  that  it  would  be  as  well  to  record  them. 
Dr.  Wheelton  Hind  has  kindly  identified  them  as  Anthracomya 
phillipsi,  Will.,  and  A.  laneeolaia,  W.  Hind.  A»  phiUipsi  is  typically 
an  Upper  Coal-measure  species,  having  been  first  found  in  the 
Ardwick  Series  of  Manchester.  The  exact  locality  and  horizon  of 
A,  lanceolata,  previously  represented  only  by  the  type-specimen, 
are  unknown,  but  the  horizon,  Dr.  W.  Hind  informs  me,  is  probably 
high.  D.  M.  S.  Watson. 

Manchester  Uniyersitt. 


THE  GEOLOGY  OP  THE  PLYNLIMMON  DISTRICT. 

Sib, — For  the  past  three  years  I  have  devoted  my  leisure  time  to 
the  detailed  examination  and  mapping  of  part  of  the  district 
described  by  Mr.  Walter  Keeping  many  years  ago.^  The  district 
examined  extends  southwards  from  the  Plynlimmon  range  towards 
the  valley  of  the  Ystwyth  and  westwards  towards  Aberystwyth. 

As  the  conclusions  I  have  come  to  diverge  considerably  from  those 
previously  published,  I  venture  to  think  that  a  short  summary  will 
be  of  some  interest  to  readers  of  the  Gbologioal  Magazikx.  The 
chief  results  are  the  following : — 

The  Plynlimmon  range  is  a  dome  formed  wholly  or  partly  of 
Bala  rocks.  The  Lower  Llandovery  rocks,  which  are  divisible  into 
several  zones,  wrap  round  them,  and  are  followed  towards  the  south 
by  the  Upper  Llandovery  and  Lower  Tarannon  rocks  in  more  or 
less  orderly  succession.  The  highest  fossiliferous  rocks  met  with 
belong  to  the  zone  of  Monograptm  exiguus.  They  are  followed  by 
thick  grits  which  are  probably  on  the  horizon  of  the  Talerddig  Grits 
of  the  Tarannon  country.  Hitherto  rocks  of  this  age  have  not  been 
recorded  from  this  area.  I  hope  shortly  to  publish  my  results  in 
detail.  0.  T.  Jombs. 

28,  Jermyn  Street,  Lokdoit,  S.W. 

>  Quart.  Journ.  Geol.  Soc.,  toI.  xxzrii,  p.  141. 
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I. — ClBBIPSDES    FBOM    THS    TbIMUINGHAM    ChALK    AND    OTUBB 

LOCALITIES   IN   NOBFOLK. 

By  Hbkrt  Woodward,  LL.D.,  F.R.8.,  F.0.8. 
(WITH  POETY-OXE  TEXT- FIGURES.) 

SOME  years  since  Mr.  Beginald  M.  Brydone,  F.Q.S.,  placed  in  my 
hands  a  namber  of  fossil  Cirripedes  from  the  Chalk  of 
Trimmingham,  Norfolk/  with  the  request  that  I  wonld  describe 
them.  Others  have  lately  been  sent  to  me  by  Mr.  Clement  Reid, 
F.ILS.,  from  his  private  collection  and  from  the  Qeologioal  Survey 
Museum ;  also  a  set  of  Chalk  Lepadidaa  from  Dr.  Arthur  Kowe, 
F.O.S.,  of  Margate,  collected  by  him  in  the  vicinity  of  Norwich. 
I  now  take  up  the  study  of  these  too  long  neglected  specimens. 

1.  Bbaohtlbpas  obbtagba,  H.  Woodw.,  1901. 

Pt/rf/oma   cretacea,  H.  Woodw.,   1868:   Geol.  Mao.,  Vol.  V,  p.   2.58,   PI.   XIV, 

Figs.  1,2. 
Polheipfs  eaneellattu,  MarsAon,  1880 :  Cirrip.  d.  WeinH,  Schreih.  Kreide  d.  Riigen, 

p.  24,  Tat.  ii,  tig.  7a.  ^ 
BraehyUpas  cretacea^  H.  Woodw.,  1901  :  Geol.  Mao.,  Deo.  IV,  Vol.  VIII,  p.  146, 

PI.  VIII,  Figs.  3-6. 

In  a  contribution  to  "  British  Fossil  Crustacea,"  made  in  1868,* 
I  figured  and  described  a  portion  of  a  Cirri pede  from  the  Chalk  of 
Norwich  under  the  name  of  Pyrgoma  cretacea. 

No  further  notice  of  this  species  occurred  until  1901,  when 
Dr.  Arthur  Bowe  kindly  placed  in  my  bands  a  specimen  obtained 
by  him  from  the  Norwich  Chalk,  which  threw  a  most  important 
light  on  this  interesting  fossil,  proving  it  to  be  quite  distinct  from 
the  genus  Pyrgoma^  and  worthy  to  form  a  now  genus,  having 
characters  which  might  serve  as  a  connecting  link  between  the 
more  ancient  Pedunculata  and  the  more  modern  Operculata.^ 
A  reference  to  this  paper  will  show  that  Brachylepas  had  a  series  of 
three  or  four  verticillate  whorls  of  small  scale-like  imbricated  plates, 
forming  the  base  of  the  capitulum  supporting  the  rostrum  and  carina 

>  For  an  account  of  this  interesting  deposit  see  '*  The  Stratigraphy  and  Fauna  of 
the  Trimmingham  Chalk,''  hy  R.  M.  Br>'doue,  1900,  8vo,  pp.  16,  mth  diagrams  ; 
Dulau  &  Co.,  price  U.  fseparately  puolished).  Also  "  Further  Notes  on  the 
Trimmingham  Chalk,  Norlolk,"  by  R.  M.  Brydone,  F.G.S.,  Geol.  Mao.,  1906, 
January,  pp.  13-22,  Plates  II  and  III ;  February,  pp.  72-78,  Plates  IV  and  V ; 
March,  pp.  124-131,  Plates  VIII  and  IX  ;  and  July,  pp.  289-300. 

>  Gbol.  Mao.,  1868,  pp.  268,  269,  PI.  XIV,  Figs.  1,  2. 

>  Gbol.  Mao.,  Dec.  IV,  Vol.  VIII  (1901),  pp.  145-162,  PI.  VIII,  F\^.  ^,\. 
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(the  latera,  scuta,  and  terga  being  displaoed,  but  diagrammatioally 
restored  in  the  woodont  (Fig.  o,  given  on  p.  149).  Later  on 
Dr.  Bowe  contributed  another  example  from  the  Chalk  of  Whitway 
Pit,  South  Dorset,  from  the  Bel,  mucronaia  eone  (see  Qkol.  Mag., 
1901,  p.  528).  He  also  subsequently  sent  me,  among  other 
specimens,  eight  carina  and  rostra  of  BraehyUpag  cretacea,  together 
with  detached  scales,  eta,  from  the  Ohalk  of  Edward's  Pit, 
Household,  Norwich.  I  am  now  able  to  record  Brachylepas  creiacea 
as  having  been  found  by  Mr.  Brydone  in  the  Chalk  Bluffs  of 
Trimmingham.  In  his  collection  sent  to  me  is  a  single,  very  well 
preserved  carina,  which  Mr.  Brydone  transmitted  some  years  before 
with  other  Trimmingham  fossils  to  Dr.  Wilhelm  Deecke  (Professor 
of  Geology  and  Palaaontology  in  the  Boyal  University  of  Greifswald, 
Prussian  Germany),  who  at  once  identified  it  as  PoUicipe»  can- 
eeUaiua,  Marsson^  (1880).  A  careful  comparison  of  Mr.  Brydone*s 
specimen  with  Dr.  Marsson's  figure  on  the  one  hand  and  with 
the  long  series  of  specimens  obtained  by  Dr.  Bowe  from  the  Chalk 
of  Catton,  near  Norwich,  leaves  no  doubt  in  my  mind  that 
P.  eancellatuBj  Marsson,  is  identical  with  Braehylepag  (Pyrgoma) 
eretaeea,  H.  Woodw.,  1868,  so  that  P.  cancellatm  must  be  treated  as 
a  synonym  of  Br.  eretaeea.  Mr.  Brydone  writes  me :  "I  never 
found  any  more  such  perfectly  preserved  valves  of  Br.  eretaeea  at 
Trimmingham,  nor  any  associated  valves,  but  I  must  have  at 
least  a  dozen  or  more  indifferently  well  preserved  examples  in  my 
collection,  so  that  '  relatively  common '  is  a  fair  statement  in  regard 
to  this  species  at  Trimmingham.** 

Distribution  of  Braehylepae  eretaeea  :  This  species  has  been  found 
in  the  Upper  Chalk  (zone  of  Bel.  mueronata),  Whitway  Pit,  South 
Dorset ;  m  the  Isle  of  Wight ;  at  Weyboume  and  Trimmingham, 
Norfolk ;  at  Catton,  near  Norwich ;  and  in  the  Chalk  of  Biigen. 

[Before  describing  a  new  form  of  BraehyUpas  I  desire  to  express 
my  regret  in  having  in  my  former  paper  (Gbol.  Mao.,  1901, 
pp.  145-152),  quite  unintentionally,  overlooked  a  most  important 
piece  of  evidence  relating  to  this  remarkable  Cirripede,  published  in 
1857,  by  my  old  friend  Monsieur  J.  A.  H.  Bosquet,  of  Maestrioht 
(who  died  in  1880).  In  his  ''  Notice  sur  quelques  Cirrip^des  dans  le 
Terrain  Cr6tac6  du  Duch6  de  Limbourg"  (4to,  Ebtrlem,  1857,  pp.  86, 
plates  i-iii)  the  author  figures  and  describes  some  17  species ;  1  of 
Chthamalus,  2  of  Verruca^  6  of  Sealpellum,  8  of  FolUeipeSy  for  whidi 
latter  he  retains  Oken's  generic  name  Mitella,  discarded  by  Darwin.* 

^  See  '*  Die  Cirripedien  and  Ostraooden  der  Weissen  Schreib-kreide  der  Insel 
Rugen,"  von  Dr.  Th.  Marsson,  in  Grei&wald.  Mittheil.  aus  dem  Natorwias.  Vefeine 
von  Neu-Yorpommem  und  Riigen  in  Greiiswald.  Redigirt  von  Dr.  Th.  Marsson, 
1880,  p.  24,  Taf.  ii,  fig.  7a. 

'  Referring  to  the  ^enus  Follicipes,  Leach,  1817,  adopted  by  Darwin  in  his 
"Monograph  on  the  Fossil  Cirripedia*'  (Pal.  Soc,  1851,  p.  47),  that  aothor 
obeeryes:  **  This  is  one  of  the  rare  cases  in  which,  after  much  deliberation  and  witii 
the  adyioe  of  several  distinguished  naturalists,  I  have  departed  from  the  roles  of  the 
British  Association ;  for  it  will  be  seen  that  MiUlla  of  Oken  and  Mamphidiomt  of 
Schumacher  are  both  prior  to  Pollieipet  of  Leach ;  yet  as  the  latter  name  i» 
universally  adopted  throughout  Europe  ajid  North  America,  and  has  been  extendvelj 
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One  of  thew,  nfttned  bj  H.  BoHnet  MTtoOa  Utliotr^mde;  of  whioh  he 
desoribea  uid  figarea  from  the  Ohalk  of  Haeatrioht  the  five  Bepantted 
plataa — tu.,  the  oariDa,  mtram,  lab-rMtrnm,  laatum,  itnd 
Utae ;  the  ter^m  is  sot  npreseated  (see  op.  oit,  pp.  23-27,  pi.  Hi, 
figa.  5-10) — shows,  like  Dr.  Arthnr  Bowe's  flpeoimen  from  the 


Pro.  1.    SfAfltpat  {MiUUa)  Uthotr^oidf,  Bom.,  sp.     Eitenul  new  of  l«ft  side 
of  oaims,  irith  two  or  mors  rows  of  iBteral  «oa]M  bUII  adharaat  to  its 
1mm.    Enlarged  about  twice  nat.  size.    From  tho  Chalk  d!  Maeatricht. 
Pis.  2.    Oronp  of  adliBrait  latera  Tiew«d  (rom  the  inside. 
Pio.  S.    The  same  tUtb  a*  in  Pi?.  1  viewed  dnrsaJIj.    Abnnt  nat.  Kize. 
Fio.  4.     8ub-roBtnim,  showing  thereat  verticillHlo  latern.    About  twine  nat.  size. 
(Fig*.   1-*   copied  from   M,  Boequrt'n  raeragir  on   "  Cirri pMea  dan* 
Cr£l«M  du  Duche  do  Limbourj;,"  4to,  1H67,  Huleiu,  \i\<.  i'i-'n,  pi.  iii, 
Hgt.  6a,  b,  d,  and  9a,  c.) 

Norwioh  Ohalk,  portione  of  three  rows  of  Braall  vcrticillnte,  imbricated 
soale-like  plates  still  adhering  to  the  bases  of  tho  carina  and  sub- 
rostmm,  and  although  not  absolately  specifically  iilentical  with 
Dr.  Bowe's  Brachylepat  erelaeea,  I  have  no  hesitation  in  referring 
the  Haestricht  speoimens  of  JIf.  lilhotryoidet  to  the  genus  Braekylepa:' 

nned  in  gAolorical  works,  it  has  appeared  to  nie  to  he  as  u;el«9»  as  hopelean  tii 
uttcnipt  anj  cbonze.  It  may  ha  obArvad  that  tho  genua  Paltieipti  was  originally 
prnpD:led  by  Sir  Juhn  HiU  ('  History  of  Animala,'  vol,  iii,  p.  170)  in  17C'2,  but  as 
this  WES  before  the  diicOTcry  o[  the  binonual  sj<>teni,  hj  tho  rulcK  it  is  nb^olutely 
eiclndsd  as  of  anv  authority.  In  mv  npiniOD,  under  all  these  circumstances,  it 
would  be  mere  pedantry  to  go  back  to  Oken's  '  Lehrhuch  der  Katurgescb.'  for  the 
name  MiUUa, — a  work  little  known,  and  diaplnjiug  untire  ignuiancc  regmding  the 
Cirripedia." 

'  I  do  not  find  any  very  close  onaloey  hetween  M.  Biwjuet'B  ililctla  Mholnjoiict 
and  the  living  genus  lAthotryx,  which  is  n  burrowing  Cirripede,  lodged  in  caTilim 
hored  in  calcareous  rocks,  shells,  or  corals,  having  the  lower  part  of  the  pedunclu 
qiiitt  naitd,  the  upper  margin  being  covered  by  two  rows  of  square  non-imbricate 
scales,  followed  by  several  rows  of  miuute  stspamto  sti^llatv  ptatee,  each  low  becoming 
Itm  and  less  in  sue  until  they  disappear  almost  oltogetbor.  In  M.  lilhocryoidii  the 
scales  sre  nnmerons,  close  set,  and  imbricated.  The  vnlv^a  irf  the  enpitulum  have 
■  very  olose  agreement  with  SraehyUpat  (rftatea,  n.  Woodw.,  nnd,  xs  I  hope  to 
show,  also  with  B.  {PoUicipti)  failax.  I  propose  therefore,  if  [>ermissibla,  to 
discard  ths  roeeific  name  liihotri/oiiin,  and  would  Mugge^t  that  of  S,  Boiquclii,  in 
comptiment  to  the  author,  as  less  misleading  and  more  appropriaVi  to  IW  s^*iisw». 
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As  nearly  all  the  Lepadidee  oooarting  ia  a  fossil  state  ara  met 
with  as  detached  valves,  it  will  be  found  oonvenient  to  give  here 
a  figure  of  SeaijMlIuM  (after  Darwin)  in  whiob  the  valves  fonaing 
the  oapitulum  are  all  named,  and  their  relative  poeition  to  one 
another  when  united  is  admirably  shown  (Fig.  A). 

The  other  figure  given  is  that  of  the  reoent  PoRinpei  wieUo. 
Darwin  says  of  Pollicijwi,'  "  this  is  the  most  anoient  genus  of  the 
Lepadidie  and  seems  also  to  he  the  base  of  the  geoealogioal  tree ;  for 
J'ollidpes  leads,  with  hardly  a  break,  by  some  of  ite  species  into 
Sealpdlitm  villoium,  and  Scalpellum  leads  by  Oxynatpti  into  LepoM 
and  the  allied  genera;  PoUieipet  miUlia  is  nearer  aUied  to  tie 
SeatiU  Cirripedea  than  is  any  other  pednnoulated  Cirripede,  exoept 
perhaps  Lithotrya,  which  ia  also  olosely  oonneoted  with  Pollieipet." 
Cafitl-lvk.  Capitith-m. 


PeDLSCLB  rSDlSCLE. 

Fia.  A ScalptUma  foisula,  inm  the        fvi.'&.— PoUieipet initeUa,'lADa.,^i\\\XD^ 

Nurwicti  ChalL  (alter  Darvrin).  Fhilippine  epedce  (after  Darwin). 

Turrilepai  and  Braehylepat  were  of  course  unknown  until  a  mnch 
later  date.  Pollieipet  milelta  certainly  enables  one  to  understand 
the  structure  of  Praehglepas  better  than  any  other  Cirripede  with 
wliiob  I  am  acquainted.] 

2.   Bracbvlkfas  (PoLuaiPES)  fauax,  Darwin,  sp.,  1851. 
(Figs.  5-24.) 

Pollieipfi /allirr,  TyuTKia,  Mnr.  FoB^.  Lppadidir :    Pa!.  Soc,  Tol.  T  (1851),  pp.  7S. 

76,  tab.  i>,  figs.  8n,  h.  4lo. 
MiUlla  /allai.  Bosquet,  1857  i     "  CirripMoB  daaa  Ic  Terrain  CreUre  du  Ducbe  de 

I.imboiu-j', "  4to,  Iliirltini,  pp.  17-23,  pi.  ii,  Sge,  1-12  ;  pi.  iii,  Bg".  1,  2. 
This  species  is  well  represented  from  the  Chalk  Bluffs  of 
TrimmiDgbam,  Norfolk,  and  was  first  desonbed  by  Charles  Dorwiu 
in  1851  («upra).  Darwin  only  figured  a  soutum  (8a]  and  a  tergum 
(8b),  twice  natural  size.  These  were  from  the  Upper  Chalk  of 
Norwich  (Fitch  Coll.),  still  preserved  and  identified  by  Hr.  F.  Leney 

'  DanriD,  Foiwil  Li'padidiC :  Pal.  Snc.  Mon.,  1851,  p.  48. 
'  The  lettFTO  attached  tu  tbe  valves  ia  Pollicipa  miltlla  (Fig.  B)  correspond  to  tfat; 
nsme'i  on  the  Talves  in  Staljullimi  (Fig.  A)  placed  bosido  it. 
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in  the  Norwich  Oaatle  Hawiun.  Bee  "Osfa|]<»ne  of  Types,"  by 
F.  Leney,  Oxol.  Mia,  1902,  Croitaoea,  p.  226  [2163].  DarwiD 
reoordi  the  ooonrrenoe  of  this  apeoiea  from  the  Chalk  of  Huetriobt, 
Balaberp,  and  Eopinge,  SoanU,  and  &om  the  Oberer  KreJdemergel 
(U.  Chalk),  Qehrden,  in  HsnoTer. 

Fire  spedmeng,  probftbly  from  PUnen,  near  Dresden  (Ober- 
Qoader),  nave  also  oome  into  my  hands,  whioh,  although  of  lareer 
size,  suggest  very  dose  relationship  to,  if  not  idend^  with,  P.fauam 
of  Darwin. 

Mr.  Brydone  writes:  —  "The  whole  of  the  spBoimens  of 
Braekglepai  failax  obtained  by  me  at  Trimmingham  were  eitraoted 
from  the  ohalk,  filling  a  depression  in  the  base  of  a  large  pyramidal 
flint,  ia  the  enrfaoe  of  whioh  there  are  still  imbedded  3  oarion, 
2  right  and  2  left  sonta,  and  a  rostrum,  all  belonging  to  B.  failax. 
There  are  also  two  tbItsb  belonging  to  some  other  species  imbedded 


Fig,  -'i.  BrathyltpM  (iVKcipn)  failax,  Darwin,  up.     Extertml  doraal   aspect  of 
auina.    All  x  2  wit.  nze.    Pram  ibe  Cbnlk  of  Trimnungham,  ^orfolk. 

Fio.  G.  Another  specimen  (eame  riew). 

Pto.  T.  Bight  side  liew  of  Pis.  S. 

Pro.  S.  B(Mtrnm,  iddo  Tiew  (<rf  Bmsller  individual]. 

Fio.  9.  Bostnim  of  some  epedes. 
Fig.  10.     8ab-roatrum  of  same. 

in  the  tide  of  the  flint,  but  otherwise  no  valves  of  any  other 
Cirripede  were  found  in,  or  in  oonnectlon  with,  this  flint.  The 
grounds,  therefore,  upon  which  these  valves  are  assooiated  in  one 
species  are  of  a  strength  almost  unique  in  the  oase  of  ohalk  forms. 
Apart  from  this  special  series  of  associated  valves  it  should  also 
be  mentioned  that  B./allax  is  by  far  the  moat  abundant  species  of 
Cirripede  in  the  Trimmingham  Chalk,  but  the  majority  of  the 
specimens  I  have  met  with  are  more  or  less  damaged." 

In  M.  Bosquet's  memoir,  we  find  in  addition  to  the  scutum  and 
tergnm  (figured  both  by  Bosquet  and  Darwin)  those  of  the  oarina, 
rostrum,  sub-carin a,' sub- rostrum,  the  upper  latus,  and  seven  of  the 
lesser  latera  carefully  figured  and  described.  Ae  these  same  valves 
occur  in  the  Trimmingham  Chalk,  with  scuta  and  terga  identical  with 
ttiose  figured  by  Darwin  and  Bosquet,  and  referred  by  them  to 
P.  (JlfifeUa)  failax,  I  give  here  the  description  of  the  sddUvius.V 
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tsItm  whioh  I  propoBe  to  treat  as  btlon^og  to  the  wme  form  of 
CSrripede.     (See  Figs.  &~10.} 

Oarina  (Figs.  5-7). — Nearly  straight,  Bemi-oonioal,  feebly  swollen 
in  the  lower  part  of  its  length ;  the  basal  border  slightly  flxoavated  ; 
the  interior  deeply  oonoave,  one  sees  that  a  oonsidetable  part  of 
the  sommit  projected  freely,  as  does  the  apex  of  the  oarina  and  that 
of  the  rostrum  also  in  the  living  PoUtapet  vtUdia  (see  ante,  p.  340, 
I^g.   B,  0,  r;    and    Darwin's  "  Lepadido,"^  Bay   Society,   1851, 

{iL  vii,  fig.  3).  Lines  of  growth,  more  strongly  marked  near  the 
ower  border,  enoirole  the  oarinal  valve  from  the  base  to  the  anmrniL 
Svh-carina. — This  valve  differs  but  little  in  form  from  the  snb- 
lostrnm,  but  M.  Bosquet  believes  it  to  be  the  snb-carina  on  aooonnt 
of  its  dimensions,  and  because  be  thinks  its  form  corresponds  witlv 
that  of  the  carina  ;  it  is  much  more  slender  than  the  latter,  and  its 
summit  is  slightly  inflected,  and  for  about  one-third  of  its  length  it 
probably  projected  freely. 


Sotlmm  (Figs.  8,  9). — Smaller  than  the  oarina,  semioiroular  at  the 
base,  and  more  triangular  in  form,  the  apex  more  or  lees  ioflected, 
and  its  basal  portion  nearly  flat,  with  the  feeblest  indication  of 
a  median  longitudinal  keel,  the  transverse  lines  of  growth  are 
clearly  marked ;  deeply  ooncave  within  and  projecting  freely  at  its 
Dpper  part. 

Svb-ro»trnm  (Fig.  10). — This  is  muob  sLortar  and  proportionally 
broader  than  the  rostrum ;  it  is  slightly  cariuated,  and  the  surface 
shows  some  very  feeble  longitudinal  grooves,  the  basal  border  is 
very  slightly  excavated,  and  the  upper  part  projected  freely. 

Deseription  of  imlam  and  UrgMm} — "The  valves  are  moderately 
thick ;  they  are  conipicuously  marked  with  rather  wide  prominent 
ridges,  forming  the  basal  edges  of  eaoh  zone  of  growth  ;  tliey  seem 
in  both  scuta  and  terga  most  strongly  developed  near  the  oocludent 
margins.     (See  Figs.  11-16.) 

'  After  Danrin'i  moaognipb,  p.  7S- 
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"  Tnrgwm  (Figs.  11-18). — BatW  broad,  oonvez ;  apez  pointed  and 
much  outled  towarda  the  huU  ;  upper  oftrioal  margio  anOBaallj 
arched,  slightly  longer '  th&a  the  lower  oartnal  mareia ;  there  ia 
a  deep  depreuioa  parallel  to  the  ooolndeDt  margia,  which  is  itaelf 
ronndad,  protnberaot,  aod  conaiderably  ihorter  than  the  aoutal 
margin.  A  curved  ridge  projeating  np  above  the  general  anrfaoe  of 
the  Talve,  with  sloping  aide*,  rune  from  the  apex  to  the  basal  angle, 
wbioh  latter  is  broad  and  rounded ; '  the  ridge  runs  down  oearl;  Ja 
the  middle  of  the  valre."     (Darwin,  op.  oit,  p.  76.) 

"  Scutum  (Figs.  14-18). — Almost  triangular,  moderately  oonvex ; 
ooclndent  margin  oonsiderabiy  arobed  in  the  upper  part  and  bowed 
towarda  the  terga ;  baaal  margin  not  atreigbt,  with  a  short  portion 
close  to  the  rostral  angle,  Arming  a  rectangle  with  the  ooolndent 
margin;  the  remaining  portion,  if  produced,  would  form  a  rather 


larger  angle  with  it;  henoe  the  baao-latei-al  portion  of  the  whole 
valve  is  somewhat  protuberaut  The  tergo-lateral  margin  is  in  the 
upper  part  slightly  hollowed  out,  and  in  the  lower  part  almost 
itraight.  A  very  slightly  curved  ridge  runs  from  the  apex  to  the 
baao-lateral  angle,  whioh  is  broad,  rouuded,  and  not  prominent ;  the 
ridge  has  sIopiDg,  not  walUlike  sides.  Internally  the  stiuotare  of 
the  upper  part  closely  resembles  that  of  F.  rigidut.  The  ooclndent 
edge  is  thiokened,  broad,  and  flat,  and  is  marked  by  lines  of  growth, 
and  vridens  towards  the  apex ;  there  is  a  rather  deep  furrow  close  to 
the  tergal  margin,  but  there  is  no  trace  of  a  central  ridge  ;  the  deep 
pit  for  the  adduotor  muscle  lies  quite  close  under  the  furrow  and 
flat  ocoludent  edge.  The  furrow  ou  the  tergal  side  is  rather 
narrower,  and    a  central   portion   of  the   inner   oocludent   margin 

'  Ttu»  does  not  hold  good  in  a  aumbei  of  ipecimens.  Thus,  the  upper  cariual 
margiD  in  four  Bpedmeiu  moaxurc!)  8,  9,  10,  and  1 1  mm. ;  Thilst  the  lower  margm  in 
the  tame  specimsne  moamm  8,  11,  11,  and  10  mm. ;  so  thnt  the  nilatiTe  length  of 
the  margiii  and  also  the  degree  of  curratuie  raiies  considerably. 

*  The  baaal  angle  in  a  Domber  of  terga  of  this  species,  instead  of  being  broad  and 
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(marked  wiih  lines  of  growth)  here  forms  a  slightly  prominent 
ridge."  The  inner  basal  angle  of  the  specimens  now  before  me  is 
rather  more  prodaoed  to  an  aoute  angle  than  in  Darwin's  figure. 

Latera. — The  upper  pair  of  latera  (Bigs.  21,  22)  are  much  longer 
than  those  of  the  series  forming  the  lower  whorls ; '  they  are  flat, 
very  narrow,  tapering,  and  acutely  triangular  in  form,  the  summits 
being  worn  smooth ;  the  rest  of  the  exterior  surfiBM)e  is  ornamented 
by  about  twenty  raised  transverse  ridges  or  periodic  lines  of  growth, 
giving  them  a  somewhat  similar  appearance  to  the  ornamentation  on 
the  surface  of  the  scutum  and  tergum.  These  lines  of  growth  pass 
over  the  edges  of  the  lateral  borders,  and  are  continued  on  the  inner 
surface  of  the  valve,  where  they  curve  upwards,  meeting  in  a  raised 
median  longitudinal  ridge,  which  is  frequently  prolonged  to  the  apex 
of  the  latera.    Width  of  larger  latera  3  mm.,  length  IS  mm. 


16. 


^-  -A 


Fios.  19-24. — BraehyUpat  (PoUieipet)  faUax^  Darwin,  sp.    From  the  Chalk  of 

Trimmmgnam,  Norfolk. 

Fi08.  19,  20.    Carinal  latera,  or  sub-carinse.     x  2  nat.  size. 
Fio.  21.    Latera,  external  view,     x  2  nat.  size. 
Fio.  22.    Latera,  internal  view,     x  2  nat.  size. 
Fios.  23,  24.    Sub-latera.     x  3  nat.  size. 

Basal  latera. — Two  basal  latera  found  associated  with  the  above 

measure  S  mm.  in  length  by  2  mm.  in  breadth ;  they  are  marked  by 

arching  striss.     (See  Figs.  28,  24.) 

Dimensions  of  separate  valves  of  B.  faUax  from  Trimmingham  : — 

Scuta. — ^There  are  eight  examples  of  scuta.    I  give  measurements 

of  six : — 


CoUn. 

1.  R.  M.  Brydone 

2.  A.    M.    Dm 

3.  A.  Ju.  i).        ... 

4.  A.  Ja.  B.      ... 
o.  A.  M.  B.      ... 

6^  Geol.  Sorv.  Mas. 


Length  in  nun. 

1 8  (apex  to  anele  of  lowest  cnnre)  . . . 

17  (pair  valve)       

10  (small  specimen)  

8  fsmall  specimen)  

8  (small  specimen) 

8  (specimen  imperfect) 


Breadth  in  mm. 

11  (greatest), 
(injured  on  lat.  marg.). 
6 
5 

fit 
5 


>  In  his  description  of  MiUlla  faUax  from  the  Maestricht  Chalk,  Mons.  Bosquet 
says  these  latera  are  three  times  as  long  as  the  largest  of  the  lower  whorls  and  manj 
ttmee  larger  than  those  of  the  lowest  and  smallest  seriee,  op.  dt.,  p.  20.  On  his 
pi.  ii,  figs.  7a,  h  (op.  cit.^,  Boeqaet  fignres  a  latus  precisely  similar  to  Mr.  Brydone's 
specimen  from  Trimmingnam,  Figs.  21,  22,  tupra. 
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Terga. — There  are  ten  examples  of  terga  from  Trimmingham  : — 

CoUn.  Length  in  mm.  Breadth  in  mm. 

1.  R.  H.  Brydone     ...  16} 10  (a  perfect  TalTe). 

2d.  C.  Reid      13  (apex  loet)        ...  8  (breadth  perfect). 

2b.  C.  Reid      12  (base  loet)         ...  10  ,, 

3.  R.  M.  B 19  (perfect) lU  „ 

4.  R.  M.  B 14  (tMue  loet)         ...  11}  ,, 

5.  R.  M.  B.   ...        ...  10  (perfect)...        ...  6  ,, 

6.  R.  M.  B 10  Perfect) 6  „ 

7.  Geol.  Snrv.  Mm.  ...  13  u>erfect) 8}  ,, 

Carina. — I  assame  that  the  larger  of  the  oonioal  series  of  valves 
found  by  Mr.  Brydone  associated  in  the  hollow  of  a  chalk  flint  from 
Trimmingham  are  referable  to  carina,  Thej  agree  most  closely 
with  M.  Bosquet's  figures  of  the  carina  of  MiielUi  faUax  from  the 
Chalk  of  Maestricht  The  following  are  the  dimensions  of  four 
carina  and  eight  ro9ira : — 

Carina. 

Colin.         Length.  Breadth  at  base. 

1.  R.  M.  Brydone  20  mm.  Estimated  on  a  straight  line,  8  mm. 

2.  R.  M.  B.      ...  20mm.  ,,  „  ,,        9mm. 

3.  R.  M.  B.       ...  13mm.  ,,  ,,  i,        9mm. 

4.  R.  M.  B.      ...  13  mm.  „  „  „        8  mm.  (nigoae  cnrred  form). 

Boitra. 

Colin.  Length.  Breadth. 

1 3  mm.  (imperfect) ...     7  mm . 


1.  R.  M.  Brydone 

2.  R.  M,  B.     ... 

3.  R.  M.  B. 

4.  R.  M.  B. 

5.  R.  M..  B.     ... 

6.  R.  M.  B. 

/ .  R.  M.  B.     ... 

8.  R.  M..  B.     ... 


H7 


10 
10 
8 
6 
5 
3 


,  6  ,,     (injured  at  base). 


•  ■  •  •  •  •  •         v/      •  • 


4   „     (sub-rostra  P). 
4 


it  ft 


Three  other  valves  must  be  noticed;  these  are  oarinal  latera 
(Figs.  19, 20).  The  most  perfect  example  was  found  by  Mr.  Brydone 
attached  to  a  carina  of  Brachylepas  (Polltcipes)  fallax,  which  seems 
good  evidence  of  its  having  once  formed  part  of  the  same  capitulum. 

Dr.  Marsson,^  in  his  memoir  on  the  '*  Cirripedien  d.  Bugenscben 
Ereide,"  p.  12,  taf.  i,  figs,  dc,  c,  figures  and  describes  a  precisely 
similar  form  of  plate  under  Scalpellum  foasula ;  but  I  believe  that 
our  Trimmingham  examples  really  belong  to  Brachylepaa  fallax 
(cf.  Figs.  19,  20  with  Marsson's  taf.  i,  fig.  3).  Dr.  Marsson  says: 
**  These  carinal  latera  are  obliquely  triangular,  and  have  an  arcuate 
oarinal  side,  the  apex  (or  umbo)  of  which  has  an  uncinate  curvature 
directed  towards  the  opposite  (concave)  side,  which  presents  a 
parietes-like  margin  curved  at  almost  a  right  angle.  This  margin 
terminates  directly  underneath  the  umbo  in  a  rectangular  crest; 
the  surface  is  marked  by  longitudinal  parallel  rib-like  strise,  passing 
over  the  crest  and  forming  underneath  it,  alongside  the  carinal 

'  "  Mittheilongen  aus  dem  Naturwissenschaftlichen  Yereine  von  Ncu- Yorpommcrn 
^md  Riigen  in  Greifswald,"  Ton  Dr.  Th.  Marsson,  xii-xviii,  Berlin,  1880. 
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mugin,  ■  rather  broad,  ■omewbat  hollow  sona.  Tb«  sorfaoe  is 
marked  by  four  or  five  riba  of  SDeqnal  distaooa  apart;  the 
oarinal  margin  is  the  narroweat,  and  is  aligfatlj  cnrred  inirards; 
the  broadest  areas  have  a  longiLodinal  depreesion  betwem  them. 
(In  the  Trimmingham  speoimena  these  longitudinal  linea  are  very 
bint  indeed,  the  horizontal  linea  being  the  strongest.)  Tb»  basal 
margin  is  the  broadest,  the  lines  of  growth  mn  parallel  to  it  snd 
■oroas  the  longitudinal  Btri»;  these  latter  give  to  the  oarinal  latera 
•  somewhat  similar  ornamentation  to  that  of  the  soatnm  and  tergnm." 

Passing  over  Broeiyldpat  eretaeea,  previonsly  desoribed  (see  mte, 
pL  337),  it  wilt  be  aeen  from  the  forgoing  aooonnt  that  BraekgUpai 
(PoUKtpea)  faUax  is  the  most  important  of  the  CSrripedee  from 
Trimmingham,  and  the  one  about  whioh  the  largest  amount  of 
endenoe  has  been  obtained  as  to  its  varioas  Talves.  ^is  species 
also  ooours  in  Haestrioht  and  Btigen,  probably  also  in  Denmark,  in 
Hanover,  and  in  Saxony. 

Those  which  follow  are  mostly  represented  by  single  detached 
valves,  and,  although  deserving  notioe,  are  of  lees  interest  to  the 
biologist. 


Fin.  25.    Tolliopei  Angelini.  DanciQ.    Scutmn.     x  2  lut.  size.    Cbalk,  Korwich. 

(Dr.  A.  Eowe'aCoU.) 
Fio.    26.     Ditto.      Eight   tentuni.      Chalk,    Trimmingham.       x  2    uat.    aiir. 

(Mr.  Bfrfona's  CoU.) 
Fio.  27.    Ditto.    lAx  tergnm.     x  Z  nat.  aiie.     Ditto.     Ditto. 

3.    FOLLIOIPXS  AxaELiwi,  Darwin,  1851. 
rallieipa  Angelim.aanmt,  Hon.  Fou.  Lepadidn:  Pal.  Soc.,  toI.  t  (ISSl),  p.  56, 
tab.  iii,  lig.  T. 

This  form  is  represented  in  Darwin's  monograph  by  a  sontum  and 
tergum  from  the  Upper  Chalk  of  Norwich  (Mue.  Fitch)  ;  it  occurs 
also  in  the  Chalk  of  Soania.  I  have  referred  to  this  apeoies  six 
separate  lerga,  three  only  fairly  preserved,  the  others  very  imperfect, 
and  one  seulunt,  the  former  all  from  Trimmingham ;  the  latter  ii 
from  lliorpe,  Norwich,  «z  Dr.  Arthur  Bowe's  oolleotion. 

Tergum. — The  largest  complete  tergum  (which  lias  been  broken 
and  mended)  (Fig.  27)  meaaares  >i2mm.  in  length  by  13  mm.  in 
breadth  at  its  widest  angle.    In  general  outline  it  is  rhomboidal,  the 
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•pes  u  aontfl^  the  I»h  more  or  leM  obttiae ;  a  Blightlv  nuoed  keel 
nme  from  the  apex  to  the  beae,  and  dirides  Uie  valTS  mto  two  not 
quite  eqnat  halves,  the  oodndent  half  being  the  larger ;  the  lines  of 
growth  run  parallel  to  the  lower  borden  of  the  valve,  and  bend 
Qpwarda  on  either  side  of  the  nueed  keel  ot  ridge;  a  wide  iqaare* 
edged  depreiaion  runt  parallel  to  the  ooolndent  margin,  which  ii  itself 
roonded  and  protaberant  (All  the  terga  of  P.  Angelini  I  have  seen 
an  from  the  Chalk  of  Trimmingham.) 

SoNiui.— The  Mntum  (Fig.  25)  is  21  mm.  in  length ;  its  breadth 
is  onlj  estimated,  being  imperfeot  along  its  free  margin;  it  was 
piDbabl;  9  mm.  in  breadth.   Thorpe  Fit,  Norwich.    (Coll.  Dr.  Bowe.) 


Pia.  28.    f  A/^/;ijiM?i)HtmaiHii,  D&rwin.  Scutum,    xinat.uze.  Chnlk,  Thorpo, 

near  Konrich.     (Dt.  A.  aowe'a  CoU.) 
Fia.  29.    Follicipet  eetuinna,  ep.  aov.,  H.  Wood*.     Cnriual  ktas.     x  3  uat.  size. 

ChaUc,  TrimmingfLam.    (E.  U.  Brydono's  CoU.) 
Fio.  30.    Ditto.      X  2  nat.  uze. 
Fio.  31.     fFvllifipci  tlriatut,   Daiw.,  Tar.  paueiilriafiit,   K.  Woodw.     Scutum. 

X  2  nat.  size.     Chalk,  TrimminghBm,     (E.  M.  Brj-dune's  Coll.) 
Fio.  32.     Ditto.     Teisum.     x  2  nat.  eize.    Ditto. 

i.    ?  PoLUOiFKS  Haubuanni,  Darwin,  1851,     (Fig,  26.) 

Follinpti  Sammanni,  Koch  &  Dunkei :  NorilJeutsch.  OuUthgebild.,  p.  52,  tab,  ri, 

fig.  6. 
PoUiaptt  Sauimiumt,  Darwin,  Mon.  Fou.  Lepadidio;   Pal.  8oo.,  toI.  t  (1851), 

p.  bZ,  t.  iU,  tig.  3. 

Darwin  has  figured  a  carina,  scutum,  and  tergom  of  this  species 
from  Hilstlioti  des  £)ligeer  Brinkes  (Lower  Greensand,  Germany). 
I  doubtfully  refer  a  scutum,  from  I)r.  Howe's  collectiou,  to  this 
species,  obtained  by  him  from  the  Ohslk  of  Thorpe,  uenr  Norwioli. 
Length  of  valve  12  mm.,  breatith  (probably)  7  mm.,  banal  angle 
broken.  This  is  an  elegant  valve,  with  an  acute  and  inourved  apex  ; 
the  base  of  Ibe  valve  was  probably  straight,  the  inner  margin  curving 
rapidly  opwards  towards  the  tergal  border ;  the  eui-face  ornamented 
by  well-marked  periodic  linos  of  growth,  stronger  than  tlie  rest, 
which  are  parallel  to  the  base  and  bend  upwards  on  Um  inner 
ooolndent  margin,  and  are  slightly  undulated  near  the  tergal  border. 
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5.    (?)  P0LLICIPK8  OONGINKA,  H.  Woodward,  sp.  nov. 

(Pigs.  29,  30.) 

There  are  two  valyee  from  the  TrimmiDgliam  Chalk  ia 
Mr.  Brydone's  oolleotion  which  I  have  heen  unable  to  collate 
satisfactorily  with  any  of  the  species  already  described  from  the 
Chalk. 

(a)  In  outline  the  smaller  one  (Fig.  29)  agrees  with  the  lower 
latus  of  P.  unguis  of  Darwin,  from  the  Ghiult,  but  its  ornamentation 
is  not  based  so  much  on  the  lines  of  growth  as  upon  delicate,  fine, 
radiating  costaa  diverging  from  its  apex.  The  valve  has  two  areas, 
separated  by  a  well-defined  ridge ;  the  larger  is  7  mm.  broad  at  its 
base,  the  smaller,  which  forms  with  it  an  obtuse  angle,  being  only 
3  J  mm.  broad  ;  the  height  of  the  valve  is  8  mm. ;  five  well-marked 
zones  of  growth  cross  the  rib-like  ornamentation  at  irr^ular 
intervals.  This  is  a  lower  latus  (or  a  carinal  latus), ^  and  in 
default  of  a  species  to  which  it  can  be  referred  it  may  be  known  as 
(?)  PoVidpes  eandnna, 

(h)  This  (Fig.  30)  is  a  larger  valve  than  (a)  noticed  above,  and 
possibly  may  belong  to  a  distinct  species.  At  first  sight  its  outline 
seems  to  be  not  unlike  a  scutum,  but  in  relative  proportion  it  has 
a  broader  base  and  b  shorter  in  height  than  this  valve  usually 
attains.  It  probably  is,  like  (a),  one  of  the  lower  latera,  but  being 
imperfect  upon  its  broader  facet  is  not  so  easily  determined.  The 
ornamentation  is  composed  of  radiant  lines,  but  they  are  fewer  in 
number  and  coarser  than  in  the  above-described  form  (a).  Height, 
8  mm. ;  width  of  smaller  perfect  side  at  base,  5  mm. ;  broader  facet 
at  base  (estimated  to  be  6  to  7  mm.?) ;  margin  broken.  The  angle  of 
this  valve  (b)  is  more  curved  than  is  that  of  (a) ;  longitudinal  stris, 
on  narrow  face,  about  six  in  number,  thicker  at  the  basal  margin,  on 
broader  face  at  least  ten  in  number.  This  may  have  belonged  to 
a  form  similar  to  (a),  but  its  coarser  striation  would  suggest  its 
being  possibly  referred  to  some  other  species.  In  the  absence  of 
further  information  I  must,  however,  leave  it  here  until  better 
material  turns  up. 

6.  (?)  PoLLiciPis  STBiATUs,  Darwiu,  1851,  var.  pauoistbiatus,  H.  W. 

(Figs.  31,  32.) 

PoUieipet  atriatus^  Darwin,  Mon.  Foss.  Lepadids :  Pal.  Soc.,  toI.  t  (1851),  p.  70, 
tab.  iv,  fig.  6. 

This  form,  of  which  a  well-preserved  scutum  and  tergum  have 
been  obtained  by  Mr.  Brydone  from  Trimmingham  (Figs.  31  and 
32),  was  previously  known  from  the  Upper  Chalk  of  Norwich 
(Museum  Fitch),  and  figured  by  Darwin  (op.  cit,  pp.  70-72,  tab.  iv, 
fig.  5). 

I  should  state  that  these  Trimmingham  specimens  were  sent 
some  time  ago  by  Mr.  Brydone  to  Professor  Deecke,  of  Greifswald 
University,   Prussia,   who  marked   them  as   '<  ScalpeUum  fonula, 

^  It  compares  very  well  with  the  carinal  latus  in  the  living  Sealpellum  itrioUium 
of  Sara  taken  between  Norway  and  Faeroe  Island  (see  A.  Gmyel,  Mon.  Cirripedes, 
1905,  p.  64,  fig.  7). 
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Darwin."  On  examination  it  will  be  seen,  however,  that  Darwin'e 
8.  foistda  is  at  once  distinguished  from  these  valves  (which 
I  identify  as  near  to  P.  striatiu)  by  the  fact  that  in  8.  fo8$ula 
there  is  a  minute  but  well-defined  longitudinal  hollow  groove 
on  the  summit  of  the  ridge  or  keel  of  both  the  scutum  and 
tergum ;  the  ridge  on  the  valves  in  P.  tiriaius  is  not  grooved  along 
its  summit,  but  is  a  solid  well-defined  ridge  (as  seen  in  Darwin's 
figures,  op.  cit,  tab.  iv,  figs.  Bb,  c).  Both  scutum  and  tergum  are 
stout,  thick  valves.  The  general  form  and  proportions  in  both 
specimens  agree  best  with  Darwin's  figures  of  P.  8triatu$  from  the 
Norwich  Chalk.  In  one  point  th^se  valves  di£fer  from  F.  striatm, 
and  that  is  in  being  less  strongly  ornamented  by  longitudinal  strise ; 
but  in  the  colour-bands  and  in  the  contour-curvature  and  lines  of 
growth  both  valves  agree  very  well  with  P.  itriatus.  They  are 
at  most  only  a  less  striated  variety  which  might  be  named  P.  pauei- 
stria  tu8. 

Tergum. — In  the  tergum  (Fig.  32)  there  is  seen  a  well-defined 
raised  margin  along  the  carinal  border  and  a  broad  longitudinal 
undulation  running  down  the  valve  to  its  baso-lateral  border,  which 
is  fiexuous ;  the  more  or  less  symmetrically  rhomboidal  form  of  the 
tergum  is  also  modified  by  the  strongly  arcuate  curvature  of  the 
valve,  the  apex  leaning  towards  the  carinal  border  ;  the  free  margin 
of  the  valve  is  also  narrower  than  the  latero-carinal  side.  (In 
8.  fossula,  as  figured  by  Marsson,  the  crest  of  this  valve  is  nearly 
straight,  and  the  apex  inclines  slightly  in  the  opposite  direction  to 
the  Trimmingham  fossil.)  Length  of  tergum,  21  mm. ;  extreme 
breadth,  10  mm. ;  length  of  base  of  occludent  carinal  border,  13  mm. ; 
on  the  upper  carinal  border,  12  mm.  The  longitudinal  ridge  is 
very  arched,  and  the  free  border  is  not  only  narrower  but  more 
steeply  inclined  than  the  occludent  side;  the  banded  ornament 
produced  by  fine  lines  of  growth  is  accentuated  by  colour-bands. 

There  is  a  second  imperfect  tergum  which  also  comes  from  the 
same  spot  at  Trimmingham,  and  shows  rather  stronger  longitudinal 
stride  on  the  carinal  side  of  the  central  ridge  than  the  more  perfect 
valve.  It  is  less  flat  than  the  tergum  of  P.  Angeliniy  among  which 
I  had  in  the  first  instance  placed  it,  and  it  may  possibly  belong  to 
P.  striaius. 

Scutum  (Fig.  31). — Kather  thick,  subtriangular,  tumid,  and  curved, 
apex  acute,  basal  margin  straight,  10  mm.  broad,  forming  a  right 
angle  with  the  lateral  margin  which  is  9  mm.  long ;  tergal  m  argin 
also  9  mm.  long,  both  margins  rather  concave ;  a  strongly  marked 
rounded  ridge  separates  the  valve  longitudinally  from  the  apex  to 
the  latero-basal  angle  into  two  unequal  parts,  while  a  second  less 
prominent  line  5  mm.  apart  divides  the  occludent  side  of  the  scutum 
into  two  equal  parts,  the  inner  half  being  marked  by  seven  longi- 
tudinal lines,  the  outer  half  having  only  horizontal  lines  of  growth  ; 
the  lateral  side  is  also  marked  by  a  series  of  less  prominent 
longitudinal  lines.  All  these  longitudinal  striae  describe  a  strong 
curve,  the  convexity  being  towards  the  occludent  margin.  Colour- 
bands  mark  both  the  scutum  and  tergum,  running  parallel  to  tha 
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'iMusal  margiii  and  to  the  lines  of  growth.  This  valve  agrees  very 
well  in  general  form  with  Darwin's  figure  of  the  scatum  of 
P.  Btriaiw  (op.  cit.,  tab.  iv,  fig.  6e),  exoept  that  the  longitudinal 
«tri89  are  less  strongly  pronounoed. 

It  is  probable  that  P.  atrtatus  may  belong  to  the  genus  ScalpeUwm, 
l>ut  I  hesitate  to  remove  it  without  fuller  knowledge  of  the  other 
valves  belonging  to  this  speoies. 

7.  PoLLioiPis  OLABSB,  Boomor. 

PMcipii  gidbfr^  Boemer:  NorddeatBch.  Ereideeebirg,  tab.  xri,  fi^.  11. 
Xiphidium  maximum^  J.  Sowerby :  Dizon*s  Geol.  Sussex,  tab.  xxviii,  figs.  6--8. 
PoUieipes  glaber,  Darwin,  1851 :   Mon.  Foas.  Lepadidae,  Pal.  Soc.  Mon.,  p.  61, 
tab.  iii,  figs.  lOa-k 

I  must  not  omit  to  mention  some  six  small,  smooth,  but  rather 
imperfect  valves  of  a  Cirripede  from  Trimmingham,  marked  by 
Mr.  Brydone  as  having  been  found  by  him  '  oonneoted.'  I  am  able 
readily  to  identify  them  with  Darwin's  figures  of  FolUcipe$  glaber 
(tab.  iii,  figs.  lOa-4,  op.  oit.)  from  the  Chalk  of  Stoke  Ferry,  Norfolk. 
This  species  also  occurs  in  the  Upper  Chalk  of  Northfleet  and 
^ravesend,  Kent,  and  the  Chalk  Detritus  of  Charing,  Kent,  and 
.from  numerous  localities  on  the  Continent 


Fio.  33a.    Scalpellum  maximum,  Darwin.    Carina  (back  view).    Chalk,  Norwich. 

(Dr.  A.  Rowe*8  Coll.) 
Fxo.  33*.    Profile  of  ditto,     x  \\  nat.  size.     (Dr.  A.  Howe's  Coll.) 
Fio.  34.    Ditto.    Tergtim.     (Fragment  only.)     x  2  nat.  size.    Ditto. 
Fio.  35.    Ditto.    Cannal  latos.     x  2  nat.  size.    Ditto. 

Mr.  Brydone's  Trimmingham  specimens  comprise  a  scutum, 
a  tergum,  a  rostrum,  an  upper  and  a  lower  latus.  I  do  not  think  it 
is  needful  to  refigure  them  here,  but  they  are  important  as  having 
been  found  in  association  in  the  same  pieoe  of  chalk. 

8.  SoALPBLLUM  MAxiHUK,  Darwiu,  1851.    (Figs.  38a,  &,  84,  85.) 

PoUieipet  maximus,  J.  Sowerby:  Min.  Conch.,  table  606,  figs.  4,  6  {not  figs.  3,  5}. 
PoUieipen  maximus,  Steenstmp :  Kroyer  Tidsskrift,  bd.  ii,  pi.  y,  figs.  17,  18. 
PoUieipes  medius,  Steenstnip :  Kroyer  Tidsskrift,  bd.  ii,  pi.  t,  figs.  13,  18*,  S3. 
PoUieipet  sulcatut,  J.  Sowerby:  Min.  Conch.,  pi.  606,  fig.  2  (not  figs.  1,  7). 
SealpelUtm  maximum,  Darwin,  Mon.  Fosa.  LepadidaD:    Pal.  Soc.,  toI.  t  (1851), 
pp.  26-34  (and  varieties),  tab.  ii,  figs.  1-10. 
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Mj  father,  in  his  <<Ma  IHnstrationB ''  (tab.  xi,  figg.  6a,  I), 
prepared  to  aocompaDy  a  pablished  "  Synoptioal  Table  of  Britian 
Organic  Bemaina,"  oy  Samnel  Woodward  (4to  and  8vo,  18S0,  p.  9 ; 
London,  Longmans  &  Go.),  giTOS  drawings  of  the  tergum  and 
carina  of  this  species  (onder  the  genus  PoStctpes)  from  the  Norwich 
Chalk. 

I  hare  received  from  Dr.  Bowe  a  very  well  preserved  carina 
{although  wanting  a  portion  of  its  base)  obtiuned  by  him  from 
Edward's  Chalk  Pit,  Household,  Norwich,  measuring  in  its  present 
state  80  mm.  in  length  by  7  mm.  in  breadth  at  its  widest  part,  its 
•profile  being  4  mm.  deep.  It  has  numerous  ^-shaped  lines  of 
growth  passing  over  the  keel,  the  point  directed  downwards,  ten  of 
which  are  more  prominent  than  the  rest  There  are  also  several 
longitudinal  striae  extending  from  the  apex  to  the  base  (Figs.  S3a,  SBh). 
Two  longitudinal  folds  mark  the  narrow  lateral  portions  of  the 
carina,  f^ich  is  sharply  recurved  at  its  apex. 

Dr.  A.  Bowe  has  also  kindly  sent  me  a  carinal  latus  of  SealpeUum 
maximum^  which  agrees  with  the  figure  of  that  valve  given  by 
Darwin  (op.  cit,  tab.  ii,  figs.  4a-«).  It  is  from  Attoe's  Pit, 
New  Catton,  Norwich  {B.  mueronatug  sone).  Darwin  states  that 
his  figure  was  taken  from  a  specimen  from  Eopinge  in  Scania. 
Dr.  TL  Marsson  (in  his  "  Cirripedien  d.  Biigensohen  Ereide,*'  taf.  i, 
fig.  2)  figures  and  describes  a  precisely  similar  valve,  which  he  says 
18  a  carinal  latus  of  8c  maximum.  Another  small  specimen  is 
recorded  by  Darwin  from  Charing  in  Kent  (op.  cit,  p.  82).  **  Valve 
thin,  of  an  irregular  shape  (Fig.  85),  sub-triangular,  flat,  except  at 
the  umbo,  which  projects  outwards,  owing  to  a  ledge  formed  beneath 
and  round  it;  carinal  margin  very  slightly  convex,  with  a  linear 
furrow  parallel  to  it,  between  which  and  the  edge  the  lines  of  growth 
are  abruptly  upturned ;  lower  margin  couuiderably  convex,  upper 
margin  slightly  concave,  with  a  slight  depression  parallel  to  it, 
between  which  and  the  edge  the  lines  of  growth  are  rectangularly 
reflected  towards  the  umbo."  Height  of  valve  12  mm.,  greatest 
breadth  12  mm. 

Mr.  Brydone  considers  it  very  doubtful  as  to  whether  this  form 
occurs  in  the  Trimmingbam  Chalk,  but  in  looking  over  some 
fragments  of  valves  in  Mr.  Brydone's  Trimmingham  collection, 
associated  with  terga  of  P.  Augelini  and  a  scutum  and  tergum  of 
P.  atriatuBf  var.  pauciitria,  I  found  a  broken  scutum  of  Scalpellum 
maximum.  It  was  a  very  large  and  very  thick  valve,  and  displays 
on  its  inner  surface  the  depression  for  the  adductor  muscle.  The 
outer  surface  has  the  usual  lines  of  growth  and  fine  longitudinal 
BtrisB  seen  in  the  other  valves  belonging  to  this  species.  Length  of 
fragment  18  mm.,  greatest  breadth  10  mm.  From  the  proportionate 
size  and  thickness  of  this  fragment  I  am  led  to  oonolude  that  it 
must  have  really  belonged  to  8.  maocimum. 

Tergum  (Fig.  34). — This  is  only  a  fragment  (from  Dr.  A.  Bowe's 
collection),  but  from  its  form  and  lines  of  gprowth  I  have  no  difficulty 
in  recognising  it  as  the  apex  of  a  tergum  of  8.  maximum.  Cf.  Darwin's 
figures  of  this  valve  (tab.  ii,  figs.  7a,  h).    It  is  a  narrow  ote^^^'a^i- 


353       Dr.  S.  Wooduard — Cirripedea  from  Trimtainffham  Chalk. 

shaped  valve  (not  unlike  a  boomerang),  broad  and  pointed  at  its 
bau,  maob  onrved  and  thickened  at  its  free  apex  by  the  infolding 
and  onion  near  ita  Bammit  of  the  two  lateral  walla.  A  fine  furrow 
runs  down  the  exterior  anrfnoe  of  the  narrow  valve,  where  the  nantl 
prominent  ridge  of  the  tergam  is  seen,  nearly  paisllel  to  the  oaiinil 
margin. 

9.  SoALPKLLtm  rosauLA,  Darwin,  1S51.     (Fig.  36.) 
Stal/MUun/otuIa,  Dantin,  Fnsa.  Lepadida>,  1B5I :  Hon.  Fal.  Soc.,  4to,  pp.  24,  25, 

tab.  i,  Sg.  4. 
Faltieipu  maiimu,  J,  Sowerbj :  Min.  Conch.,  table  606  [a  ter^om),  Bg.  3. 

Tergum  (Fig.  86). — A  single  left  tergum  in  Dr.  Bowe's  ooIlectioD 
is  from  the  Chalk  of  Thorpe,  Norwiob.  It  is  thin,  narrow,  almoct 
smooth,  but  instead  of  a  ridge  running  from  the  apex  to  the  lowest 


Fio.  36.   Scalpelliim  Jbiiula,   Darwin.      Left  tergum.      x  2   oat.   size.      Chalk, 

Tho™,  ^orwich.     (Dr.  A.  Rowe's  Cull.) 
FtO.  37.    Sealpiham  atlmuatum,  sp.  nov.,   H.  Wuodir.      x  2  nat.   fize.      Challi, 

Harfoni  Bridgd  Pit,  Norwich.     (Dr.  Howe's  Coll.) 
Fio.  38.    i  Brachylepm.    Latcta.     x2nQt.!pi7C.    Chalk,  Trimmingham,    (Wr.B.M. 

Brydune'a  Coll.) 
Fio.  39.   Ditto.    Same  valve  an  Fig.  36,  aide  view,  nhowing  great  thiclineBs  o(  valre. 

point  of  the  obliquely  diamond -shaped  valve,  the  line  is  marked  by 
a  delicate  furrow,  as  shown  in  Darwin's  figure  (tab.  i,  fig.  4b,  op.  ctt). 
This  furrow  divides  the  valve  unequally  into  a  very  narrow  area 
along  the  carinal  border,  and  a  muoh  wider  one,  bounded  by  the 
Boutal  margin  below  and  the  oooludent  margin  above,  the  43entre  of 
which  is  again  subdivided  by  a  single  longitudiQal  line.  Length  of 
valve,  16mm.;  greatest  breadth,  8 mm.;  scntal  margin,  11  mm.; 
oooludent  margin,  10  mm. 

Recorded  by  Darwin  from  the  Upper  Chalk  of  Norwiob  and  from 
Northfleet,  Kent. 

10.    SCALI-BLLUH   ATTBNDATDM,  H.  Woodw.,  Sp.  nOV.       (Fig.  37.) 

Among  the  collection  of  specimens  sent  to  me  by  Dr.  Arthur  Bows 
from  the  Norwich  Chalk  is  a  single  tergum  from  mrford  Bridges  Pit, 
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whidh  is  unlike  any  of  those  already  noticed.  In  general  form  this 
valve  resembles  the  tergam  of  8.  areuaimm  ftom  the  Gaalt  of 
Folkestone ;  it  may  also  be  compared  with  that  of  S.  $olidulum  from 
Scania ;  in  all  three  terga  the  ornamentation  consists  of  a  series  of 
longitudinal  raised  lines  diTcrging  from  the  apex  of  the  yalve  at 
uiequal  distances  apart,  some  being  relatively  finer  than  the  others. 
In  &  arcuatum  the  main  ridge,  passing  down  the  centre  of  the  valve 
from  the  apex  to  the  basal  extremity,  is  grooved,  whereas  in  the 
specimen  before  as  the  valve  has  a  weU-defined  rounded  ridge.  The 
radial  longitudinal  lines  on  the  carinal  side  of  the  ridge  are 
extremely  fine,  and  broader  and  stronger  on  the  outer  half  of  the 
valve  than  on  the  inner  side  of  the  main  ridge.  The  oodudent 
mai^n  has  a  strongly  raised  border,  followed  by  a  wide  groove 
extending  from  the  apex  to  the  scutal  margiu.  The  lines  of  growth 
are  most  strongly  marked  on  the  occludent  margin,  but  thev  can  be 
faintly  seen  over  the  whole  valve.  On  the  inner  side  of  the  valve 
the  apex  (more  particularly  on  the  carinal  margin)  becomes  greatly 
thickened. 

Extreme  length  of  valve,  24  mm. ;  extreme  breadth,  13  mm. ;  length 
of  occludent  margin,  16  mm. ;  of  the  carinal  margin,  13  mm. ;  and  of 
the  carino-lateral  margin,  15  mm.  The  scutal  margin  is  convex ;  the 
oarino-lateral  margin  forms  an  obtuse  angle,  the  sides  of  which  are 
straight ;  the  occludent  margin  is  very  slightly  concave. 

The  two  valves  already  noticed  from  Mr.  Brydone's  collection  of 
Trimmingham  Cirripedes,  under  the  tentative  name  of  F.  coneinna, 
are  the  only  two  other  valves  in  the  collection  having  a  similar 
ornamentation  of  finely  radiating  longitudinal  lines,  but  we  have  no 
other  grounds  for  associating  these  detached  valves  together, 
Dr.  Kowe's  (as  already  stated)  being  from  an  entirely  different 
locality  and  horizon  (?)  in  the  Chalk. 

11.   Bbaohtlbpas  (?),  sp.     (Figs.  88,  89.) 

Latera  (Figs.  38  and  89). — We  give  two  views  of  a  remarkable  form 
of  detached  latus,  but  it  is  uncertain  to  what  species  of  Cirripede  it 
belonged.  This  is  a  narrow,  elongated,  irregular  valve,  and  but  for 
the  fact  that  it  is  extremely  solid  it  might  readily  be  overlooked  and 
thrown  aside  as  merely  part  of  a  very  uarrow-valved  Oitrea.  There 
are  in  all  five  specimens  from  the  Trimmingham  Chalk,  having  the 
same  ornamentation  as  shown  in  the  figured  example.  Two  of  these 
are  from  Mr.  Clement  Reid's  collection,  and  three  from  that  of 
Mr.  Brydone.  There  are  three  other  fragments  not  quite  so  robust 
and  having  a  distinctly  V-shaped  ornament  similar  to  that  on  the 
carina  of  Scalpellum  maximum,  and  possibly  they  were  latera  of  that 
species.  Length  of  figured  specimen,  22  mm. ;  greatest  breadth, 
5  mm. ;  greatest  thickness,  6  mm. 

Similarly-formed  latera  occur  in  Brachylepas  fallax  (Figs.  21,  22, 
p.  344) ;  also  in  the  recent  PoUicipes  mitella  (see  Fig.  B,  ante, 
p.  340, 1)  and  many  othera. 
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11. — Notes  on  bomi  Miosozoa  and  Mollusoa  from  East  Crbtb. 

By  BeT.  B.  Ashxmoton  Bullin,  B.A.,  F.6.8. 
(PLATES  XVIII  AND  XIX.) 

rpHE  fossil  or  sub-fossil  remains  to  which  I  prdpose  to  devote  this 
X  short  paper  were  procured  from  a  cave-deposit  in  East  Crete 
by  Miss  Dorothea  M.  A.  Bate,  whose  valuable  work  among  the 
Pleistocene  Mammalia  in  Crete  is  so  well  known. 

Early  in  1905  she  kindly  sent  me  some  helicoid  shells  from 
a  cave-deposit  in  East  Crete,  together  with  an  interesting  collection 
of  land  and  fresh- water  mollusoa  from  various  parts  of  the  island,  all 
which  I  have  recorded  elsewhere.^  There  were  also  some  marine 
mollusoa  found  at  Eutri,  West  Crete,  in  a  cave  about  25  feet  O.D. 
Mr.  E.  A.  Smith,  F.Z.S.,  identified  one  as  CalUoitoma  Laugteri 
(Payraudeau),  and  there  were  others  in  the  same  cave-deposit, 
which,  recognizing  as  marine,  Miss  Bate  did  not  collect.  These 
occurred  in  the  same  cave,  in  a  crevice  of  which  was  also  a  quantity 
of  sea-sand. 

The  new  material,  very  small  in  amount  but  very  great  in  interest, 
Miss  Bate  procured  from  a  large  mammalian  bone  of  Pleistocene 
date,  found  by  her  in  a  cave  at  Eharoumes,  East  Crete,  12  to  15  feet 
O.D. ;  and,  as  the  minute  organisms  found  therein  are  all  of 
a  marine  facies,  their  evidence,  added  to  the  other  facts  from  Entri, 
points  to  oscillations  of  the  land-surfaces,  leading  to  the  submergence 
and  re-emergence  of  those  land-surfaces,  other  evidences  of  which 
were  commented  on  by  Baulin  and  Spratt  more  than  40  years  ago,  in 
1861  and  1865  respectively.  The  late  eminent  geologist,  Professor 
Prestwich,  carefully  summed  up  their  evidence  as  follows': — "  From 
M.  Victor  Raulin's  work  on  Crete  I  gather  that  there  is  evidence  of 
the  elevation  of  the  island  within  the  historical  period  to  the  extent 
of  15  to  25  feet,  and,  further,  that  at  a  height  of  about  G5  feet 
a  raised  beach  of  Quaternary  age  is  met  with  at  many  points  of  the 
coast  Admiral  Spratt  has  shown  that  within  recent  times  there  has 
been  a  subsidence  of  the  east  coast  of  Crete,  whilst  the  west  side 
has  been  elevated  to  the  extent  of  26  feet.'  Anchor  blocks  have 
been  found  11  feet  above  the  sea-level,  and  the  port  of  Eissamo  has 
been  raised  18  feet  out  of  the  sea  within  Christian  times.  The  two 
piers  of  the  port  of  Phalasama,^  a  city  of  late  Hellenic  date,  and 
described  by  Strabo,  are  now  22  feet  above  their  original  level.' 
Spratt  also  found  Pechmctdi  of  recent  species  40  feet  above  the 
shore,  and  indications  of  another  raised  beaoli,  or  old  sea-level, 
at  100  feet" 

»  Proceedings  of  the  Malacological  Society,  vol.  ri,  p.  307. 

'  Prestwich,  **  Evidences  of  the  Suhmergenoe  of  Western  Eorope  and  the 
Mediterranean  Coasts  *' :  Phil.  Trans.,  vol.  184  (1893),  p.  969. 

3  Spratt :  **  Travels  and  Researches  in  Crete, *^  vol.  ii,  p.  241  (the  district  between 
Selino  and  Lissos). 

♦  Now  Kutri. 

'  Bate:  Geol.  Mag.,  Dec.  V,  Vol.  II  (1905),  p.  199  sqq. 
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The  BTidenoe  brought  home  by  Miss  Bate  tends,  in  my  opinion, 
ta  reinforoe  and  conroborate  Uie  obflervations  summed  up  by 
Prestwich  in  the  aboTe  passage. 

In  a  recent  volume  of  the  Qbolooioal  Magazuib  Miss  Bate  has 
described  this  district  in  her  account  of  her  **  Search  for  Pleistocene 
Mammalia  in  Crete."  ^  The  only  cave-deposits  found  in  this  part  of 
the  island  were  situated  in  the  rugged  limestone  cli£b  bordering  the 
southern  end  of  the  Bay  of  Kharoumee,  not  many  miles  south  of 
Palaikastro.  At  the  foot  of  these  difis,  and  only  a  few  feet  to  a  few 
yards  above  the  sea,  were  discovered  one  small  bone-cave,  and,  on 
either  side,  portions  of  the  stalagmitio  flooring  of  two  others ;  all 
being  situated  closely  together  and  extending  for  a  distance  of 
a  hundred  and  fifty  yards. 

In  Spratt's  map  of  Eastern  Crete'  the  Bay  of  Kharoumes  appears 
as  Caruba,  and  in  the  French  military  map '  as  Carouba  for  both 
village  and  bay,  which  latter  spelling  Spratt  also  uses  for  the 
name  of  the  village.  As  Miss  Bate  invariably  calls  the  place  and 
bay  by  the  name  Kharoumes,  this  is  undoubtedly  the  later  current 
Cretan  form.  But  to  the  south  of  Carouba  is  a  village  marked  in 
the  French  map  Asokiramo,  which  is  unnoticed  in  Spratt's  map,  and 
is  evidently  nearer  the  original  of  the  name  Kharoumes.  So  acute  an 
observer  as  Spratt  would  not  be  likely  to  make  a  mistake  in  the 
spelling  of  a  name,  especially  as  he  says  the  karouba  ^  is  the  chief 
produce,  and  a  village  to  the  north  of  Zakro  Bay  is  named  from  it 
So  here  in  the  text  we  get  yet  another  spelling  of  the  name! 
Probably  Spratt  was  not  responsible  for  the  spelling  of  the  map,  as 
other  persons'  names  are  appended  to  it,  but  it  is  all  very  puzzling 
and  does  not  make  for  clearness  or  exactitude.  And  may  one 
venture  to  say  that  even  in  England  nothing  is  more  common  than 
the  variation  in  a  place-name,  and  that  many  of  the  names  differ  now 
from  their  pronunciation  and  spelling  at  the  time  of  the  engraving 
of  the  Survey  maps,  though  there  is  sufficient  similarity  in  the 
variants  for  purposes  of  identification. 

The  Kharoumes  Bay  district,  according  to  Spratt's  Geological 
map,  presents  a  somewhat  central  mass  of  slates  and  schists, 
surrounded  by  a  limestone  district,  flanked  on  the  north,  west,  and 
south-east  by  marine  Tertiary  deposits.  It  was  in  the  limestone  part 
of  this  district  only  that  terrestrial  mollusoa  so  far  have  been  found 
in  the  stalagmitio  breccia. 

With  regard  to  the  marine  miorozoa  from  the  same  place,  critically 
examined  for  me  by  Mr.  R.  Holland,  his  report  is  as  follows: — 
"  This  material,  although  very  small  in  amount,  has  proved  extremely 
interesting  on  account  of  the  very  striking  series  of  varieties  of 

I  Spratt:  op.  cit.,  toI.  ii,pp.  230-2.  See  also  ibid.,  vol.  ii,  pp.  135-6.  (Evidence 
of  eaccesnve  uplifts  indicated  oy  wave-abrasion  and  the  occurrence  of  boring  molluscs 
in  the  clifb ;  many  shells  still  in  tit  A,) 

*  Op.  dt.,  Tol.  i,  ad^n. 

'  lie  da  Cr^ :  deesm^  et  helioeravS  au  Service  G^ographique  de  I'Arm^e. 

*  The  carob-tree,  or  St.  John  (tne  Baptist's)  Bread,  is  found  wild  in  all  countries 
tldrting  the  Mediterranean.  At  Malta  it  is  almost  the  only  tree.  In  Spain  we  get 
its  Moorish  name,  algarroba. 
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FemeropUa  periuntg  (Fonkal).  This  ftmnninifer  is  lemarkable  for 
Hm  great  moiphologioal  range,  and,  althoagh  most  anthore  have 
given  epecifio  names  to  many  of  the  Tarying  forms,  it  is  now 
generally  held  that  all  these  are  simply  varieties  of  one  protean 
species  (see  voL  iz  of  the  'Challenger'  Reports).  The  occorrenoe 
in  this  small  amoont  of  material  of  so  wide  a  range  of  forms  strongly 
supports  this  view.  With  the  exception  of  Peneropli$  pertutw, 
PCoMorhtdina  medUerranennB,  and  Miliolina  reUeulaia,  the  specimens 
are  generally  poorly  developed.**  The  reason  of  this  we  shall  see 
immediately. 

The  total  nnmber  of  specimens  is  148.  Some  of  these  are 
obscured  in  places  hy  the  reddish  cement  by  which  they  were 
kept  in  adhesion  to  each  other  and  to  the  bone  on  which  they 
were  found.  The  worn  appearance  of  a  large  proportion  of  them 
testifies  to  their  great  age.  On  examination  with  a  W  objective 
the  foraminiferal  tests,  where  broken,  are  seen  generally  to  be 
filled  with  a  shining  crystalline  oalcitio  material  stained  red, 
a  colour  evidently  derived  from  the  cave-earth ;  some  of  them, 
especially  Orbitolites  eamplanata,  are  covered  with  a  oalcitio  crust, 
which  hides  the  foramina,  and  there  is  in  the  hollows  between  the 
striae  of  others  a  chalky-looking  paste,  white  in  colour,  seemingly 
derived  from  the  attrition  or  solution  of  other  foraminiferal  tests. 
The  polyzoa  also  have  become  crystalline  in  substance  from  the 
infiltration  of  a  oalcitio  solution.  All  these  characters  explain  why 
Mr.  Holland,  from  the  microscopist's  point  of  view,  reports  the 
specimens  as  poorly  developed,  for  these  characters  differentiate 
them  from  recent  specimens  of  tiie  same  species  and  betoken  their 
fossil  or  sub-fossil  character. 

LIST  OF  SPECIES  FOUND. 

MOLLUSOA. 

Terrestrial, 
Helix  pellita,^  ^  Fer.    Gave-brecoia,  Kharoumes. 

Marine. 

CalliosUma  Laugieri^  (Payraudeau).  Pleistocene  mammalian 
bone,  cave,  Kntri. 

Cardium  sp. 

BiMoa  crenvXata,  Montagu.  Pleistocene  mammalian  bone,  cave, 
Kharoumes. 

Crustaoia. 

Valves  of  Entomcstraca.    Ditto. 

Polyzoa. 

Crisia  thumea  (Linne).     Ditto. 
Bugtdopsis  sp. 

'  Becorded  by  Pilsbry  as  a  recent  shell  at  Morea,  Syra,  and  Rhodes.  Its 
occurrence  at  Kharoumes  is  believed  to  be  its  first  record  from  a  Pleistocene  deposit. 
From  arsdlable  eyidence  it  appears  not  now  extant  in  Crete. 

'  5pecimeoB  now  in  GeologicaL  Department,  British  Museum. 


y 
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FORAXIHIVCBA. 

Biloadina  elongata  (D'Orb.).    Pleistodene  mammaUan  bone,  oave, 
Kharouines. 
Dentalina  sp. 

JHseorhina  globnlari$  (D'Orb.).     Ditto. 
D.  operetUaris  (D*Orb.).     Ditto. 
D.  orbiculartB  (Terquem).     Ditto. 
D,  turbo  (D'Orb.).    Ditta 
Globigerina  btdloidei '  (D'Orb.).     Ditto. 
JIUiolina  aeminulum  (Linn.).     Ditto. 
M.  oblonga  (Montagu).    Ditto. 
If.  bieomie  (Walker  & 'Jacob).    Ditto. 
If.  subrotunaata  (Montagu).     Ditto. 
If.  vcUmdata^  (Reuss).     Ditto. 
M.  tricarinata  (D'Orb.).    Ditto. 
M.  reticulata  (D'Orb.).     Ditto. 
M.  eircularis  (Bomemann).    Ditto. 
OrbitoUte$  complauata  (Lamk.).     Ditto. 
Peneraplis  pertuem  (Fdrskal).     Ditto. 
Planorbvlina  mediterranemii,  D'Orb.     Ditto. 
Polymorphina  laetea  *  (Walker  &  Jaoob).     Ditto. 
FolyBtomellamaeella  (Fichtel  &  Moll.).     Ditto. 
Botalia  beearii  (Linn.).     Ditto. 
Rotaline  form  undetermined.     Ditto. 
Spiroloculina  grata,  Terquem.     Ditto. 
S.  limbata,  D'Orb.     Ditto. 
Truncatulina  lobatnla  (Walker  &  Jacob).     Ditto, 
r.  ungeriana  (D'Orb.).     Ditto. 
Veriebralina  striata  (D'Orb.).     Ditto. 
F.  sp.'    Ditto. 

I  have  the  pleasure  of  thanking  the  friends  mentioned  in  the 
paper  for  help,  also  Mr.  R  Bullen  Newton,  F.G.S.,  for  submitting 
the  material  from  Eharoumes  to  Mr.  H.  Holland,  and  Professor 
T.  Bupert  Jones,  F.R.S.,  for  critically  reading  my  MS. 

EXPLANATION  OF  PLATES. 
Plate  XVIII :   Mollvsca,  Bbyozoa,  Foraminifera,  etc.,  from  Crete. 

Fig. 

1.  Mollusca:  Helix  pellita.     x  2}. 

2.  ,,         Callioitonia  Laugieri,      x  3. 

3.  Cn»tacea :  Valve  of  Entomostracan,  Zoxocotteha  8p. 

4.  Bryozoa :  Bugulopsis  sp.      x  25. 

5.  ,,        Critia  ebtirnea,      x  25. 

6.  Foraminifera :  Biloculina  elmgata,     x  35. 

7.  ,,  Miliolina  aemwuitwi.     x  25. 

8.  ,,  M.  ohlonga,      x  35. 

9.  „  M.  bicornit.      x  25. 
10.  f,  M,  Bubrotunda,      x  35. 

*  "With  abnormal  aperture  (Holland). 

*  Striate  variety  (Holland). 

*  With  apiroloculine  early  chambers  (HollaadV 
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Fio. 

11.  Foraminifera :  M.  valvulata.     x  45. 

12.  f,  M.  triearinata,     x  35. 

13.  „  M.  reticulata,     x  26. 

14.  „  SpirolceuHna  ffi'ata.     x  25. 

15.  ,,  8.  limhata.     x  25. 

16.  ,,  Vertebrahna  sp.     x  30. 


Plate  XIX :    Fobaminife&a  f&ok  Crete. 
Foraminifera:  FeneropHs pertuita.     x  25. 


»            ^ 

35. 

f,            X 

25. 

yf                      ^ 

35. 

Dentalma  s]^,     x  25. 

OrbitoHtes  eomplanata. 

X  25. 

»» 

X  50. 

Folymorphina  kictea. 

X  25. 

Olobigerina  bulloidet. 

X  30. 

Flanorbitlina  mediterrantftsis. 

Di$corbina  ffhbularis. 

X  45. 

D.  opereularis,      x  45. 

J),  orbienlarit,     x  45. 

D.  turbo,      X  45. 

TruncatuHna  lobatula. 

X  45. 

T.  ungeriana,      x  45. 

Jiotalia  becarii.      x  45. 

rolyatomella  maeilla. 

X  45. 

X  30. 


1. 
2. 
3. 
4. 

6. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 


III. — Sedgwick  Museum  Notes. 
New  Fossils  from  the  Hayebfohdwkst  Distbiot. 

By  F.  R.  CowpBR  Rked,  M.A.,  F.G.S. 

(PLATE  XX.) 

GASTEROPODA. 

A  FEW  Gasteropoda -were  recorded  by  Messrs.  Marr  and  Roberts  * 
from  the  Trinucleus  seticomis  Beds,  prinoipally  from  the 
Bedhill  stage,  but  Mr.  Tumbull  has  been  fortunate  in  obtaining 
a  comparatively  large  number  of  species.  The  specimens  are 
not  usually  well  preserved,  and  the  specific  or  even  generic 
determination  of  all  is  not  possible  with  the  present  material. 
Some  interesting  new  forms,  however,  can  be  detected,  and  the 
following  list  can  now  be  given : — 

R.         Eotomaria  Bohertsi,  ap.  nov. 

E,  cf.  elliptiea,  His. 

E.  sp. 

Uospira  sp. 

Lophospira  cf.  turrita,  Portl. 

X.  sp. 

Hormotoma(7)  sp. 

Claihrospira  (?)  sp. 

Trochonema  sp. 


R. 
R. 
R,  S. 

S. 
R. 
R. 

S. 
S. 


>  Marr  &  Roberts,  Qoart.  Joara.  Geol.  See.,  toI.  xli  (1885),  pp.  476-490. 
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K,  Sh.  Holapea  eomdima,  MoGoy. 

S.         Hol&peUa  sp. 

R.        Lax(mema  sp. 

R.         OphileHna  (?)  sp. 

R        J&eyHfmphaluB  minor,  PorU. 

R.         BeUerophon  (Sinuilet)  erypUeui,  sp.  nov. 

R.        B.  {Bueanop9i$)  $eeundu8,  sp.  nov. 

R.         B.  (  OxydiseuB  ?)  sp. 

R         B,  (s.g.  ?)  iiitiZ<irfi(/a<iM,  sp.  dot. 

Sh.       B.  (8.g.  ?)  sp. 

S.  Cowraddla  (?)  sp. 

R.        ilfeAftiiae6/2a  Prendergasti,  sp.  nov. 

R,  S.     iL  afif.  rofttfuia,  Ulrioh. 
Of  the  foregoing  those  marked  R.  ocoar  in  the  Redhill  Beds 
those  marked  S.  in  the  Slade  Beds,  and  those  Sh.  in  the  Sholeshook 
Limestone. 

EoTOMABiA  RoBERTsi,  sp.  nov.     (PI.  XX,  Figs.  1-4.) 

Shell  low,  conioal,  of  5-6  flat  whorls;  apioal  angle  90^-110^; 
base  convex ;  periphery  angular ;  mouth  obliquely  subrhomboidal, 
wider  than  high ;  umbilicus  very  small,  deep,  partly  covered  by 
reflexed  inner  lip  of  month.  Band  concave,  narrow,  with  sharp 
raised  borders,  the  lower  edge  forming  the  periphery  of  the  whorls ; 
lanulffi  of  band  very  faint.  Surface  of  whorls  nearly  flat; 
ornamented  with  fine,  simple,  oblique,  curved  lines  of  growth, 
meeting  suture-line  above  at  about  75°,  but  curved  strongly  back 
near  band  so  as  to  meet  it  at  2CP-25^.  Base  of  shell  more  or  less 
swollen,  especially  towards  mouth,  and  marked  by  strong  growth- 
lines. 

Dimensions  average  about  18  mm.  in  basal  diameter. 

Horizon. — Redhill  Beds. 

Localities. — Prendergast  Place  and  Lane,  Haverfordwest. 

Bemarks. — The  genus  Eoiomaria  was  established  by  Ulrich  ^  for 
a  certain  type  of  shell  dififering  from  Pleurotomaria  in  merely  having 
a  notch  in  the  outer  lip  and  no  slit;  in  the  lower  edge  of  the 
band  forming  the  periphery  of  the  whorls ;  in  the  lines  of  growth 
curving  more  or  less  forward  beneath  the  band  ;  and  in  the  surface 
being  marked  by  simple  lines  of  growth  only.  The  complete 
definition  of  the  genus  was  given  as  follows :  "  Shell  depressed- 
conical,  sometimes  sublenticular;  base  more  or  less  convex,  its 
bulk  usually  nearly  equal  to  the  apical  part ;  umbilicus  very  small 
or  wanting;  volutions  not  very  numerous,  sometimes  slightly 
turriculate  or  strongly  angular  near  the  mid- height ;  aperture 
oblique,  subquadrate,  the  inner  lip  slightly  reflected  or  merely 
thickened,  the  outer  deeply  notched  at  the  peripheral  angle;  no 
slit ;  band  of  moderate  width,  concave,  sharply  defined,  oblique  or 
horizontal,  lying  upon  the  apical  side  of  the  periphery.  The  surface 
markings   consist  of    fine    lines   of    growth   only.      These  curve 

'  Ulrich  &  Scofield :  Final  Rep.  Geol.  and  Nat.  Hist.  Surv.  Minnesota,  rol.  ill 
(1897),  pt.  2,  pp.  954,  1000. 
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backward  more  or  less  etrongly  toward  the  band  <yn  botb  the  upper 
and  lower  sides  of  the  whorls.    Type,  E.  •i(6/«vt«,  Ulrioh." 

The  specimens  from  the  Bedhill  Beds  ooonr  only  as  internal  oasts 
or  external  impressions  of  the  shell,  and  are  generally  more  or  less 
crushed  and  distorted.  They  are  the  commonest  gasteiopods  on  this 
horizon,  and  from  the  examination  of  a  large  series  of  specimens 
the  above  description  has  been  drawn  up.  The  characters  of  the 
base,  umbilicus,  and  inner  lip  are  always  distinct,  and  the  position 
and  peculiarities  of  the  band  and  surface-markings  are  clearly 
preserved  on  two  or  three  shells. 

A  comparison  with  ITlrioh's  figures  and  descriptions  of  American 
species  suggests  that  our  Redhill  form  is  closely  allied  to  E,  eanaliferaf 
Ulrioh,^  and  E,  lahioia,  Ulrich,'  from  the  Stones  River  Group  of 
Tennessee.  The  well-known  species  generally  known  as  TroehuM 
Mptieue,  Hisinger,  from  the  Ordovioian  of  Northern  Europe  k 
a  much  more  elevated  and  conical  shell  with  a  smaller  apical  angle. 
The  subgenus  of  Pleurotomaria  which  has  been  named  by  Miss  Donald 
PtUaoachisma*  is  said  to  differ  from  Eotomaria  in  having  ''a  distinct 
though  short  slit,  instead  of  a  sinus  in  the  outer  lip."  In  the  case  of 
our  Haverfordwest  specimens  of  JS*.  Bohertei,  the  state  of  preservatioii 
has  not  permitted  me  to  determine  whether  a  sinus  or  slit  is  present* 
but  they  differ  much  more  from  the  type  and  only  species  of 
Palaoschiama  (P.  girvanense)  in  all  other  observable  characters  than 
they  do  from  the  above-mentioned  species  of  Eotomaria,  so  that 
their  reference  to  the  latter  genus  appears  fairly  certain. 

EoTOMABiA  of.  KLLiFTiOA  (Hisingcr). 

In  addition  to  E,  Rohertiiy  a  taller,  more  conical  species  of 
Eotomaria  occurs  which,  so  far  as  it  is  preserved,  appears  to  be 
comparable  to  the  Ordovioian  form  described  by  Hisinger  as  TVockue 
ellipticuB.^  One  specimen  from  the  Hedhill  Beds  of  Prendergast 
Place  has  an  apical  angle  of  60^,  a  height  of  18  mm.,  and  a  basal 
width  of  about  15  mm.  The  species  was  believed  by  Portlock  *  to 
occur  in  the  Ordovioian  of  Tyrone,  but  Miss  Donald  (op.  oit,  p.  337) 
declares  that  it  is  a  distinct  species,  and  she  would  apparently  place 
Hisinger's  shell  in  her  subgenus  Palaoschiama. 

Horizon, — Redhill  Beds. 

LoealHiea. — Prendergast  Place  and  Lane,  Haverfordwest. 

LoPHOSPiBA  of.  TUBRTTA,  Portlock.     (PI.  XX,  Figs.  6,  6a.) 

Shell  elevated,  turreted,  composed  of  about  5  (?)  whorls  with 
subangular  periphery  above  middle  and  rather  rapidly  increasing  in 
sise  to  base ;  basal  whorl  ventricose,  high.  Apical  angle  5(P,  Upper 
surface  of  whorls  with  one  prominent  carina  about  two-thirds  the 

^  tJlrich :  op.  cit.,  p.  1002,  pi.  Ixix,  figs.  9-14. 
■  TJlrich:  op.  cit.,  p.  1003,  pi.  Ixix,  figs.  16-17. 

*  Donald:  Quart.  Jonrn.  Geol.  Soc.,  toI.  Mii  (1902), p.  835,  pi.  ix,  figs.  11,  lU. 

*  Hisinger:  Leth.  Saec.,  1837,  p.  35,  pi.  xi,  fig.  1.  liodstrdm:  Silur.  Otitrop. 
Pterop.  Gotland,  p.  104,  pi.  viii,  figs.  10-14.  Eoken:  Bull.  Acad.  Imper.  SeL 
Bt.  Petanb.,  ser.  v,  vol.  yii  (1897),  No.  2,  p.  152. 

'  Portlock :  Geol.  Rep.  Londond.,  p.  414,  pi.  xxii,  fig.  1. 
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-distance  from  band  to  ■atorey  and  one  breaker  one  nearer  the  satnre. 
Band  peripheral  (sabmedian  on  upper  whorls),  rather  wide,  trilineafte 
with  raieed  linear  margins  and  stronger  subinedian  raised  line;  Innulae 
freqaent,  rather  strong.  Onter  hoe  of  whorls  with  faint  revolving 
<oarina  below  band  at  about  twioe  its  width,  and  another  fainter  one 
at  same  distanoe  below.  On  outer  and  lower  snrfaoe  of  basal  whorl 
ImIow  the  band  there  are  in  addition  distinct  spiral  revolving  lines 
regnlarly  and  dosely  placed.  Upper  surface  of  whorls  crossed 
by  regular,  strong  growth-lines  meeting  band  at  60^  and  continued 
below  it  on  outer  and  lower  surface  of  whorls. 

Dimeniions  : 

Height       about  18  mm. 

Basal  width  „     12-dmm. 

Horizon, — Slade  Beds. 

LoeaUhf, — Lane  between  Slade  Hall  and  Peloombe  Bridge. 

Bemarka. — This  species,  though  at  present  too  imperfectly  known 
to  merit  a  distinctive  name,  undoubtedly  belongs  to  the  genus 
Zophospira  as  defined  by  ITlrich,'  and  it  possesses  many  points  of 
resemblance  to  L,  hieiueta  (Hnll),'  but  the  band  and  carinsB  are 
rather  dififerent  It  is  probably  distinct  from  any  British  Bala 
-species  so  far  described,  though  M,  pidchra,  McCoy,'  seems  allied 
to  it  But  an  examination  of  the  supposed  type  of  Pleurotomaria 
iurrita,  Portlook,*  in  the  Jermyn  Street  Museum  has  convinced  me 
that  its  nearest  relation  is  found  in  this  species,  and  it  may  best  be 
compared  with  it,  pending  its  specific  separation. 

LiospiRA  sp.     (PL  XX,  Figs.  7,  7a.) 

Shell  helioiform,  low,  depressed-conical,  of  4-6  rounded  whorls 
-coiled  into  a  low  spire ;  base  convex,  rounded ;  whorls  increasing 
in  size  rather  rapidly  to  mouth  ;  sutures  more  or  less  sunken  ;  apical 
angle  130^  or  more;  body-whorl  higher  than  spire,  with  rounded 
periphery.  Band  of  moderate  width,  not  prominent,  subperipheral, 
situated  on  body-whorl  a  little  above  middle,  hidden  on  other  whorls 
by  their  overlap.  Ornamentation  of  shell  consisting  of  fine,  trans- 
verse lines  of  growth,  curved  back  sharply  to  meet  band,  and 
continued  on  lower  surface  of  body- whorl  (base  not  well  preserved). 

2>tiii€iuions ; 

I.  II. 

Height  ...        ...        7'5        ...        ...        5  mm. 

Diameter        11*5        8mm. 

JTorizons.— Slade  Beds  (II) ;  Redlnll  Beds  (I). 

Loealitiea,  —  Boadside  near  St.  Martin's  Cemetery,  Haverford- 
west (II) ;  Prendergast  Place  (I). 

BemarJcM, — The  specimens  are  not  sufficiently  well  preserved  to 
determine  the  species,  but  their  reference  to  the  genus  Lioapira  as 
defined  by  XJlrich  ^,  is  indisputable.      So  far  as  this  form  can  be 

*  Ulrich :  op.  cit.,  pp.  951,  960. 

'  Hall:  Pakcont.  N.i.,  vol.  i.  p.  177,  pi.  xxxviii,  figs.  5a-5/. 

'  McCoy:  Synopg.  Brit.  Pal.  Foss.  Woodw.  Mus.,  p.  294,  pi.  lAr,  figs.  42,  42<f. 

*  Portlook :  op.  dt.,  p.  413,  pi.  xxx,  figi.  7a,  lb, 

*  Ulrich  :  op.  cit.,  pp.  953,  992. 


362       JP.  JR.  Cotcper  Reed-^New  Fossils  from  Haver/ordicest. 

oompared  with  others,  we  may  mention  Pleuroiomaria  helieinar 
Lindstrdm,^  and  espeoially  PL  aquilatera,  Wahlenb./  as  beariDg 
muoh  resemblanoe  to  it. 

Tboohonkma  sp. 

There  is  one  fairly  good  but  oompressed  specimen  from  Upper 
Slade  in  Mr.  Tambull's  oolleotion  which  must  be  referred  to  this 
genus.  The  shell  is  conical,  of  4-5  whorls  (only  3  are  preserved) ;. 
the  whorls  are  rather  low,  with  their  upper  surface  more  or  less 
flattened  and  horizontal,  their  periphery  angular  and  carinate,  and 
their  outer  face  nearly  vertical  to  the  suture ;  the  base  of  the  shell  is 
more  or  less  convex  and  rounded.  On  the  upper  surface  of  the 
whorls  there  is  a  shoulder-like,  flat  space  round  the  suture ;  a  weak 
carina  separates  it  from  the  rest  of  the  upper  surface,  which  is- 
slightly  concave.  The  peripheral  carina  is  strong  and  prominent, 
and  the  outer  side  of  the  whorl  below  it  is  nearly  at  right  angles  to 
the  upper  surface,  and  bears,  low  down,  traces  of  one  or  two  faint 
revolving  carinas.  The  whole  surface  of  the  whorls  is  crossed  by 
coarse,  oblique,  continuous  growth-lines,  meeting  the.  peripheral 
carina  at  about  45^,  and  passing  over  it  and  over  the  upper  surfaoe^ 
of  the  whorls  without  deflection.  Apical  angle  of  shell  100^-120^. 
Height  about  21  mm. ;  basal  width  about  17  mm. 

Sorizon. — Slade  Beds. 

Locality, — Quarry  at  Upper  Slade. 

Bemarks, — This  imperfectly-known  shell  resembles  in  many 
respects  T.  umhilicatumf  Hall,'  but  the  obliquity  of  the  growth-stria^^ 
is  a  distinguishing  feature. 

Abchinaoella  Pbrndebgasti,  sp.  nov.     (PL  XX,  Figs.  8,  8a,  9.) 

Shell  subcircular  or  subelliptical,  equally  rounded  at  both  ends,, 
convex,  rounded,  subconical,  rather  high,  with  highest  point 
situated  subcentrally  behind  apex;  apex  submarg^nal,  incurved,, 
sharp,  not  overhanging  margin,  but  surface  of  shell  below  it  steep 
and  more  or  less  excavated.  Bostral  scars  large,  oval,  with  traces 
of  a  small  circular  pair  behind  them  and  more  closely  placed 
together.  Muscular  band  forming  small,  continuous  loop,  extending 
back  a  little  over  two-thirds  the  distance  from  apex  to  posterior  end. 
Surface  of  shell  marked  by  concentric,  slightly  wavy  growth-lines, 
strongest  near  margin. 

Dimensions  (both  specimens  are  somewhat  crushed)  : 

length 

Width  

Height  

Horizon. — Hedhill  Beds. 

Locality, — Prendergast  Place,  Haverfordwest. 

^  Lindstrom :  op.  cit.,  p.  124,  pi.  xi,  figs.  34-37. 
'  Lindstrum:  op.  cit.,  p.  Ill,  pi.  ix,  figs.  20-29. 

»  Hall:   Palffiont.  N.Y.,  vol.  i  (1847),  pp.  43,  176.    Ulrich:   op.  cit.,  p.  1047, 
pi  kxYii,  figs.  1-8. 


I. 

n. 

13-60 

•  •• 

22-0  mm. 

17-30 

•  •  • 
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Remarh$. — ^There  are  only  two  speoimenB  of  ibiB  Bbell  In 
Mr.  TumbuirB  collection,  and  one  (No.  II)  ib  Bomewhat  laterally 
compressed  and  the  other  rather  crushed.  But  sufficient  characters 
are  preserved  to  show  we  have  to  deal  with  a  new  species,  llie 
character  by  which  the  genas  Arehinaeella^  is  principally  dis- 
tinguished from  Tryhlidium^  is  the  possession  of  a  continuous 
muscular  loop  instead  of  separate  pairs  of  muscles  arranged  round 
the  shelL  llie  definition  of  the  genus  Arehinaeetta  is  given  by 
Ulrich,  its  founder,  as  follows  (op.  cit,  p.  821)  : — "  Shell 
patelliform,  ovate  to  subcircular,  usually  widest  anteriorly,  forming 
a  low  cone  with  the  apex  in  front  of  the  centre  and  often  sub- 
marginal.  Muscular  scars  forming  a  continuous  band.  Surface 
markings  concentric  only.    Type,  A.  powersi,  Ulrich." 

A  speciee  which  seems  deserving  of  comparison  with  our  Redhill 
form  is  A.  valida  (Sardeson) '  from  the  Trenton  Group  of 
Minnesota ;  and  Billings'  Meiaptama  iimplex  *  from  the  Calciferous 
formation  appears  to  have  precisely  the  same  contour  and  shape. 

Abchinaoilla  aff.  botuhda,  TJlrioh.     (Pi.  XX,  Figs.  10,  lOa.) 

Tliere  is  a  smaller  and  apparently  distinct  species  of  Archinaeella 
occurring  in  the  Bedhill  and  Slade  Beds,  which  is,  however,  scarcely 
sufficiently  known  at  present  to  warrant  a  new  specific  nante.  It  is 
nearly  circular  in  shape,  strongly  convex,  with  the  sharp  pointed 
apex  vertically  above  and  slightly  overhanging  the  anterior  margin ; 
the  shell  is  highest  in  the  middle,  and  the  apex  is  rather  depressed 
and  incurved,  being  only  about  half  the  maximum  height  of  the 
shell  above  the  margin.  No  surface-markings  are  distinguishable. 
This  species  appears  to  resemble  Ulrich's  A,  rotunda  ^  from  the  Utica 
Group  of  Iowa. 
DimentionB  : 

Leng^th      6'5min. 

"NVidih       6*5  mm. 

Height      3-0  mm. 

Horizons.^ (1)  Redhill  Beds;  (II)  Slaile  Beds. 

Loealities, — (I)  Redhill  Quarry;  (II)  Quarry  at  Upper  Slade. 

BXLLEBOPHON  (SiNUITES)  0BYPTI0U8,  Sp.  nOV.     (PI.  XX,  FigS.  12-14.) 

Shell  involute,  closely  coiled,  subglobose,  sides  somewhat  flattened, 
greatest  thickness  at  umbilicus,  back  narrowly  rounded ;  outer 
whorl  completely  embracing  and  hiding  inner  whorls,  and  increasing 
rather  rapidly  in  size  to  mouth  ;  umbilicus  minute  (exposed  in 
casts) ;  section  of  whorls  semi-elliptical  to  parabolic ;  aperture 
higher  than  wide,  not  expanded  laterally ;  outer  lip  thin  ;  inner  lip 
more  or  less  reflexed  and  thickened ;  dorsal  sinus  moderately  deep, 
broadly  V-shaped ;  apertural  lobes  rounded  gently  to  sinus,  where 
margin  is  rather  suddenly  and  sharply  curved  inwards.     Surface  of 

*  Ulrich :  op.  cit.,  p.  828. 
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shell  ornamented  with  rather  atrong  eonoentrio  growth-linea  and 

ridges  on  apertaral  lobes,  and  generally  with  one  rather  strong. 

broad  constriotion  a  little  inside  margin  of  mouth ;  general  aarfiMe 

of  shell  ornamented  with  a  minute,  regular  oancellation  composed  of 

equal-sized,  fine,  revolving  strias  closely  plaoed  and  crossed  by  similar 

transverse,  slightly  fiexuous  strisd. 

Dimeuiions : 

Height  (average)        about  20  mm. 

Diameter     ,,  ,,        8-10  mm. 

Horizons.— (I)  Redhill  Beds ;  (11)  Slade  Beds  (?). 

Localities. — (1)  Prendergast  Plaoe  and  Lane;  (II)  lane  near 
Crundale,  and  Robes  ton  Wathen. 

Bemarks, — The  specimens  of  this  shell  are  usually  only  preserred 
•as  internal  casts,  which  are  generally  somewhat  crushed  and  distorted. 
In  a  few  instances  the  aperture  and  external  ornamentation  are  fiurly 
"Well  seen.  It  is  a  rather  abundant  fossil  in  the  Redhill  Beds,  bat 
examples  in  anything  approaching  a  perfect  oondition  are  rare. 

The  close  resemblance  of  this  form  to  the  well-known  bat 
frequently  misunderstood  Bellerophon  bilohatm,  Sow.,^  is  obvious, 
and  it  undouhttidly  l)elongs  to  the  same  group  of  speoies,  which  was 
named  Sinuites  by  Eoken  (1896),^  and  subsequently  Proiowartkia 
by  Ulrich  (1897)  *  in  apparent  ignoranoe  of  Eoken's  name,  the 
former  choosing  B.  hilobatus  as  the  type  and  the  latter  B,  eanceilatus, 
Hall,  which  has  frequently  been  regarded  as  identical.  Our  shells, 
however,  differ  from  typical  examples  of  SoweVby*s  species  in 
having  a  more  narrowly  rounded  back,  a  less  subquadrate  section  of 
the  whorls,  a  less  broad  and  less  globose  shell,  a  more  rapidly 
increasing  outer  whorl,  and  a  constriotion  near  the  mouth.  The 
fine  cancellation  of  the  surface,  though  not  mentioned  or  figured  by 
Sowerby  in  his  original  description  of  B.  hilobatuSt  was  observed  by 
McCoy  *  and  Salter  *  in  specimens  which  they  attributed  to  that 
species.  Eoken's®  Sinuites  hilobatus,  mut.  macer,  may  be  identical 
with  our  form,  but  his  description  is  too  brief,  and  no  figure  has 
been  published.  Portlook's  B.  bilobatus,''  var.  coiit;)r«aatis,  is  founded 
on  too  crushed  a  specimen  to  determine  its  original  shape  and 
characters.  But  his  B.  elongatns^  closely  resembles  our  Redhill 
form  in  shape,  though  certainly  devoid  of  the  peculiar  fine 
otincellation  on  the  surface.  Through  the  kindness  of  Dr.  Kitohin 
I  have  had  access  to  Portlock*s  types,  and  it  is  much  to  be  regretted 
that  they  are  in  such  a  wretched  state  of  preservation  that  his 
specific   names    are    practically    worthless.      Accordingly,   I    feel 

*  Sowerby:  in  Murchison's  Silur.  Syst.,  p.  643,  pi.  xix,  fig.  13. 

2  Koken:  Die  Leitfossilien  (Leipzig,  189G),  p.  392;  id..  Bull.  Acad.  Imper.  ScL 
St.  PetCTsb.,  ser.  r,  vol.  vii  (1897),  Ko.  2,  p.  117. 
'  Ulrich :  op.  cit.,  pp.  848,  867. 

*  McCoy:  Svuops.  Brit  Pal.  Foss.  Woodw.  Mus.  (1854),  p.  309. 

*  Salter:  Cat.  Camb.  Silur.  Fo88.  Woodw.  Mus.  (1864),  p.  67. 

"  Koken :  Die  Leitfoss.,  p.  393  ;  id.,  Bull.  Acad.  Imper.  fid.  St.  Petenb.,  ser.  t, 
vol.  viii  (1897),  No.  2,  p.  118. 

'  Portlock :  op.  cit.,  p.  397,  pi.  xxix,  fig«.  2<t,  2*. 
^  Ibid.,  p.  397,  pi.  xxix,  figs.  4^,  46. 
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justified  in  giving  a  new  speoific  name  to  tbie  Haverfordwest  fossil, 
aa  its  oharaoters  are  well  marked,  though  individual  speoimens 
showing  all  of  them  are  rare. 

There  oan  be  no  doubt  that  Eoken's  and  Ulriob's  groups  Sinuite^ 
and  Protowarthia  are  oompletely  synonymous.  The  earlier  olassi- 
fioation  and  group  typified  by  B.  bilobatuif  whioh  Eoken  proposed 
in  1889,^  were  abandoned  by  him  in  1896  and  rejected  by  Ulrioh  in 
1897.  Eoken's  subsequent  definition  of  8inuiie$  is  much  shorter 
than  that  given  by  Ulrioh  for  Protowarthia,  and  he  is  doubtful  about 
the  distinction  of  the  species  which  he  mentions.  The  diagnosis  is 
as  follows : — "  Miindung  mit  breiter  Bucht,  die  kein  Schlitzbaud 
hinterlasst  Nabelgegend  mit  nach  vom  abgegrenzter  Bunzel- 
sohicht.  Aussenseite  der  Windungen  innerhalb  der  Miindung 
mit  derben  Bunzeln.  Nabel  verdeckt  Bellerophon  Inlobatus,  Sow." 
Tllrich  defines  Protowarthia  as  follows : — "  Aperture  large,  but  not 
abruptly  expanded,  the  outer  lip  bilobate,  with  a  broad  and  more  or 
lees  deep  sinus,  but  neither  a  slit  nor  band ;  dorsum  convex,  never 
oarinate;  umbilicus  closed;  surface  markings  very  fine,  generally 
consisting  of  more  or  less  obscure  crowded  lines  of  growth  and 
delicate  revolving  strisa.  The  inner  lip  forms  a  thin  granulose 
deposit  over  the  dorsum  of  the  inner  end  of  the  last  whorl,  and 
extends  on  each  side  around  the  umbilical  region.  This  portion  is 
covered  with  interrupted  or  inosculating  lines.  Type,  Bellerophon 
cameeUatuif  Hall."  The  ornamentation  of  B,  caneellatus^  is  indis- 
tinguishable from  that  of  our  form,  but  Ulrioh  denies  that  this 
species  is  identical  with  B.  hilohatus,  Sow.,  and  considers  that  his 
Protowarthia  ohesa^  should  rather  be  compared  with  it. 

BXLLKBOPHON  (?)    MULTIBUGATUS,  Sp.  nOV.      (PI.  XX,  FlgS.  11,  lla.) 

Fragments  of  a  large  Bellerophon-Uke  shell  occur  in  the  Kedhill 
Beds  of  Prendergast  Place  and  Mill  Lane  with  peculiar  characters 
which  mark  it  off  from  all  the  other  species.  The  shell  seems  to  be 
involute,  with  the  outer  whorl  embracing  the  inner  ones  and  the 
umbilicus  absent  or  minute;  the  back  is  broad  with  a  low  but 
distinct  carina,  but  apparently  no  slit-band ;  the  outer  whorl 
enlarges  rapidly  towards  the  mouth,  whioh  is  transversely  expanded 
and  has  a  reflexed  inner  lip.  The  margin  of  the  mouth  is  not 
preserved,  so  that  the  sinus,  if  present,  cannot  be  seen.  The  shell 
IS  specially  remarkable  for  its  ornamentation,  whioh  consists  of 
regularly-arranged,  strong,  subeqnal,  rounded  to  subangular,  broad, 
transverse  ribs,  separated  by  shallow  grooves  of  the  same  width. 
These  ribs  curve  backwards  towards  the  keel,  over  which  they  pass 
without  interruption,  the  opposite  ones  uniting  in  a  broad  V 
enclosing  an  angle  of  about  150^.  The  ribs  die  out  on  the 
expanded  margins  of  the  mouth,  and  are  weaker  on  the  lower  sides 
of  the  whorls.    Fine,  spiral,  revolving,  equidistant  striod  cross  the 

>  Koken:  Nenes  Jahrb.  f.  Mineral.,  Bell.,  Bd.  vi  (1889),  p.  377. 
•Hall:    Palawnt.  N.Y.,   vol.  i  (1847),  p.   307.    Ulrich:    op.   cit.,   p.    872, 
pi.  Ldii,  figs.  1-14. 
'  Ulnch :  op.  dt^  p.  874,  pi.  bdii,  figs.  45-47« 
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ribs  parallel  to  the  keel,  but  become  sinuoas,  broken,  and  irregnlar 
near  the  moutb.  The  sbellt  are  mostly  cmsbed,  bat  mast  have 
reached  a  rather  large  size,  some  measaring  50-70  mm.  across  the 
moath.    The  trae  position  and  affinities  of  this  form  are  doabtfaL 

Bellebophon  (Buoanopsis)  seoundus,  sp.  noT.     (PL  XX, 

Figs.  15,  15a.) 

Shell  Rubglobose,  with  broad,  roanded  back ;  of  few  volutions ; 
whorls  transversely  subqoadrate  iti  section,  broader  than  high; 
umbilicus  moderately  large,  deep,  with  subangular  margins, 
exposing  inner  whorls ;  aperture  transverse,  more  or  less  expanded ; 
inner  lip  reflexed  on  inner  end  of  last  whorl ;  band  rather  broad, 
with  narrow,  raised  margins,  not  depressed,  with  fine,  gently  curved 
lunulee ;  surface  of  shell  on  eacb  side  of  band  marked  with  rather 
etrong,  regular,  straight,  parallel,  subequal,  revolving  raised  lines, 
about  24  in  number,  closely  crowded  near  band,  out  becoming 
more  widely  separated  laterally,  crossed  at  right  angles  by  very  fine, 
transverse,  slightly  wavy  striae. 

Dimensions, — Height  about  15  mm. 

Horizon. — Redhilf  Beds. 

Localities. — Prendergast  Place  and  Lane. 

Bemarlcs. — The  true  generic  position  of  this  species  in  Ul rich's 
classification  seems  to  be  in  Bwanopsis.^  But  our  specimens  are 
so  crushed  and  distorted  that  it  is  upon  the  characters  of  the 
•ornamentation  and  slit-band  that  we  must  chiefly  depend ;  and  these 
are  sufficiently  definite  and  important  to  mark  the  species. 

The  term  Bncania  is  employed  by  Ulrich  in  a  much  more 
restricted  generic  sense  than  Hall  originally  intended,  and  than  later 
authors  (Waagen,  Eoken,  etc.)  have  used  it,  and  some  of  the  species 
now  placed  in  JJucanopsis  have  been  included  in  it  by  them.  Ulrich 
(points  out  that  in  Bucanopsis  the  spiral  surface  -  markings  are 
straight  and  parallel  with  the  direction  of  the  whorls,  while  in 
Bueania  sens.  str.  they  are  wrinkled,  interrupted,  and  more  or  less 
oblique  in  direction.  He  would  provisionally  include  in  Bucanopsis 
all  the  PalsBOzoic  spirally  striated  shells  wbich  agree  in  other 
respects  with  BeVerophon.  The  type  is  B.  carinifera,  Ulrich,  from 
the  Trenton  Qroup.'  The  full  definition  of  the  genus  is  as  follows : 
'*  Shells  agreeing  in  all  respects  with  Bellerophon,  excepting  that 
their  surfaces  are  cancellated  by  regular,  revolving,  and  transverse 
striae.  The  volutions  enlarge  rapidly,  giving  a  broadly  expanded 
aperture ;  the  umbilicus  is  of  moderate  size,  and  may  be  closed 
•entirely,  while  the  inner  lip  is  always  somewhat  thickened.  The 
revolving  lines  are  never  oblique  nor  wrinkled." 

Our  Redhill  species  may  be  compared  with  the  type  species, 
which  is  the  only  Ordovician  form  previously  known ;  but  the  band 
appears  to  be  less  prominent  and  the  back  broader,  and  the  spiral 
•lineation  slightly  different 

>  Ulrich :  op.  cit,  pp.  853,  922. 

>  Ukich :  op.  dt.,  p.  925,  pL  liii,  figs.  56-61« 
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COHRADKLLA  (?)  Bp.     (PI.  XX,  Figs.  5,  Ba,  Sb.) 

There  is  a  small  shell  oocnrring  in  some  abundance  in  the  Slade 
Beds  of  Upper  Slade  which  may  possibly  belong  to  the  genus 
Conradella  established  by  TJlrich/  but  its  state  of  preservation  is  not 
-quite  satisfactory.  It  seems  to  consist  of  a  few  rapidly  enlarging 
whorls  coiled  in  the  same  plane,  like  Cyrtolite$;  the  whorls  are 
higher  than  wide  and  more  or  less  sharply  carinated  on  the  back, 
below  which  they  are  somewhat  compressed,  swelling  out  to  their 
maximum  diameter  near  their  middle.  The  keel  appears  to  carry 
a  slit-band  crossed  by  rather  distant,  strong  lunulas.  The  ornamenta- 
tion consists  of  rather  coarse,  raised,  fimbriated  lines,  equidistant  and 
equal  in  size,  and  connected  by  less  prominent,  short,  straight  lines 
at  right  angles  to  them  and  alternately  arranged,  so  as  not  to  form 
true  revolving  spirals.  No  other  details  can  be  made  out.  The 
ornamentation*  recalls  that  found  in  G.  Dyeri,  var.  eelMoia,  Ulrich,* 
and  the  shape  is  apparently  similar.  The  height  of  our  little  shells 
averages  about  6  mm. 

Horizon. — Slade  Beds. 

Locality. — Upper  Slade,  Haverfordwest 

EXPLANATION  OP  PLATE  XX. 

Fio. 

1.  £otomaria  Rohertn,  sp.  nov.    Impression  of  exterior  of  shell.     X  2.    Bedhill 

Beds,  Prendergast  Place,  Haverfordwest. 

2.  Ditto.     Side  view  of  internal  cast  of  another  specimen,     x  1^.     Same  horizon 

and  locality. 
2a.  Ditto.     Base  of  same  specimen,     x  l^. 

3.  Ditto.    Base  of  another  specimen,  showing  reflexed  lip.     X  1^.     Same  horizon 

and  locality. 

4.  Ditto.    Internal  cast  of  a  young  individual,    x  4.    Redhill  Beds,  Prcndergost 

Mill  Lane. 

5.  Conradella  (?)  sp.     X  4.     Slade  Beds,  Quarry  at  Upper  Slade. 
.5a.  Ditto.    Transverse  section  through  shell. 

ab.  Ditto.    Portion  of  surface  of  same  specimen  enlarged  to  show  ornamentation. 
X  8. 

6.  Lopho^pira  cf.  iurrita^  Portlock.      X  2.     Slade  Beds,  lane   between  Slade 

Hall  and  Pelcombe  Bridge. 
6a.  Ditto.    Band  of  same  specimen  enlarged,     x  6. 

7.  Ziospira  sp.     x  2.     Redhill  Beds,  Prendergast  Place,  Haverfordwest. 
7a.  Ditto.    Same  specimen,  viewed  from  above,     x  2. 

8.  ArehinaeeUa  Prenderffosti,    sp.   nov.      Top    view.       X  IJ.      Redhill   Beds, 

Prendergast  Place. 
8a.  Ditto.    Side  view  of  same  snecimen.     x  1^. 

9.  Ditto.    Another  specimen,  laterally  compressed,     x  IJ.    Same  horizon  and 

locality. 

10.  ArehinaeeUa  aff.  rotunda,  XJliich.    Top  view,     x  3.     Redhill  Beds,  Redhill 

Quarry. 
lOa.  Ditto.    Side  view  of  same  specimen,     x  3. 

1 1 .  Bellerophon  (?)  nutUirugaitu,  sp.  nov.    Crushed  and  distorted  specimen.    X  1^. 

Bedhill  Beds,  Prendergast  Mill  Lane. 
11a.  Ditto.    Portion  of  back  of  same  specimen  enlarged  to  show  ornamentation. 
X4. 

*  Ulrich  :  op.  cit.,  p.  904. 

•  Ulrich :  op.  cit.,  p.  910,  pi,  Ixvii,  figs.  27-29, 
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12.    Stlten>pi<in  tSiauila)  etyptiau,  ap.  dot.     Bide  Tisw  of  iutemal  ewt.     x  l|- 

RedMl  Beds,  Piende^aat  FUoa. 
12a.  Ditto.     Donal  Ti«v  of  Kama  spedmsn.     x  I}- 
IS.    Ditto.    Anatb«r  ipeciman,  dioinng  apertent  mvgiB  and  ndeied  Up,     x  Ij- 

Same  homon  uid  locality. 
ISO.  IHtto.    Portion  of  surface  oi  lame  ■padman  eokrged  to  diow  onuunintatioiL 


Ditto.    Portion  of  BDother  gbell,  Bboriog  apstonl  margia  and  dor 
"      "     le  horizon  and  locality. 

DoTwl  Tiew  of  imperfact 
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IV.— Oh  a  SiOTtoM  or  Hiddlb  and  Uppmb  Liai  Rooks  mkas 

EtKBOBICOH,    SoMZBaBT. 
By  L.  BicHAKiMox,  F.O.S. 

DURINQ  a  brief  survey  of  the  Inferior  Oolite  in  ths  D^gfabov- 
bood  of  Doulting,  Somerset,  in  1905,  t  Tinted  a  dienaod  qatrrjr 
on  the  bill  a  mile  and  a  balf  north  of  Everoreeolt,  and  sitDated  whan 
the  boundary-ltDe  between  the  Inferior  Oolite  and  Hidford  Sands  ia 
shown  on  the  Qeologioal  Survey  Map,  Sheet  xiz.  I  was  anrprised  to 
find  that  instead  of  the  somewhat  massive  rock  exposed  in  the  qoarry 
being  Inferior  Oolite,  it  was  Marlstone,  capped  with  Upper  Lias 
olajB  and  limeatonaa.  Sinoe  the  section  is  becoming  rapidly  over- 
grown, it  appears  desirable  to  reooid  the  detula  obtained  for  the 
benefit  of  those  wbo  will  sorvey  the  distriot  in  the  fntnre  for  tb* 
New  Series  Maps. 

UUAHAT    NKAB    EVUCKSICK. 

ft.   ina. 

BiUttfrat  h^fmu  (Bmg.), 
HaetfUa—nu  ct.  BtUm- 
ini,  Wright,  MM  D'Orfa., 


^I 


void  of  lemiginDiu  gnmaka    I 

6.  Clay,  gT«y  and  brown i 

/T.  Limeatone,  pale-brown,  irODahot 

Is.  Clay,  brown      l     _ 

I  9.  Limntone,  hard,  dark,  ironihot,  Biitmiuttt  yariftoww,  Sehlo- 
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asoertained,  but  the  limestone-band  agrees  in  lithio  straotore  with 
bed  5  rather  than  with  2,  henoe  I  have  proviaionally  grouped  it  with 
the/o/et/erttm-deporits.  The  clay  overlying  the  rook  of  epinati  hen^pra 
oooupies  the  stratigraphioal  position  of  the  aeutunh'hed. 

On  the  Geologioal  Survey  Map  the  Middle  Lias  is  shown  to  occupy 
a  narrow  zone  on  both  sides  of  the  valley  running  north  from 
Batoombe ;  but  westwards,  in  the  neighbourhood  of  Chesterblade,  it 
was  thought  to  be  overlapped  by  the  Midford  Sands ;  in  other  words, 
that  the  *  Sands '  rested  directly  and  non-sequentially  upon  the  Lower 
Lias.  This,  however,  is  not  the  case :  the  Marlstone  is  well- 
developed,  but  how  much  farther  north  it  extends  I  was  unable  to 
find  out.  Probably  in  that  direction  the  Middle  Lias  is  overlapped 
by  the  Upper  Lias  clays,  and  these  in  turn  by  the  Inferior  Oolite. 

In  considering  the  geographical  distribution  of  the  oomponent  beds 
of  the  Liassic  and  Inferior-Oolite  Series,  it  is  necessary  to  bear  in 
mind  that  in  tracing  the  beds  from  south  to  north  we  are  approaching 
a  tract  of  country,  the  Mendips,  along  which  (there  is  ample 
evidence)  movements  of  subsidence  and  elevation  have  occurred  time 
after  time.  Beds  may  have  been  deposited,  uplifted,  and  partially 
or  wholly  eroded.  Thus,  although  the  Marlstone  is  present  in 
this  quarry  at  Mays  Down,  a  mile  and  a  half  to  the  north  of 
Evercreech,  it  by  no  means  follows  that  it  extends  as  far  north  as 
Donlting.  It  may  be  present  there ;  or  it  may  have  been  deposited, 
elevated,  and  removed.  Likewise  with  the  Midford  Sands.  In  the 
railway-cutting  at  Doulting,  the  peculiar  conglomeratic  limestone 
forming  the  base  of  the  Inferior  Oolite  rests  directly  upon  bluish, 
micaceous,  and  arenaceous  clays,  from  which  water  is  thrown  off. 
Thus  there  is  no  deposit  there  worthy  of  the  name  of  *  Sands.' 


I^E  VIE  ^W^  S. 


I. — ^Tbk  Dead  Heart  of  Australia  :  A  Journey  around  Lake 
Eyre  in  the  Summer  of  1901-1902,  with  some  account  of  the 
Lake  Eyre  Basin  and  the  Flowing  Wells  of  Central  Australia. 
By  J.  W.  Gregory,  D.So.,  F.R.S.,  F.G.S.,  Professor  of  Geology 
in  the  University  of  Glasgow.  8vo ;  pp.  xvi  and  372,  with  38 
illustrations  and  maps.  (London :  John  Murray,  1906.  Price 
16s.  net  cash.) 

PROFESSOB  GBEGOBT  has  just  presented  us  with  a  most 
interesting  volume  of  travels  in  the  interior  of  Australia, 
dealing  with  the  geology  and  physical  geography  of  the  Lake  Eyre 
region,  and  giving  most  graphic  and  lively  descriptions  of  the 
*Aboriginee'  at  home.  Those  who  recall  the  author's  African 
experiences  as  given  in  his  history  of  **  The  Great  Bift  Valley  "  ^ 

^  See  Obol.  Mao.,  1896,  Dec.  lY,  Vol.  Ill,  pp.  324-327,  PI.  Kl. 
niQADB  V.—VOL.  ni.— iro.  vm.  ^\. 
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(1896)  will  enjoy  the  perosal  of  this  new  book  with  even 
pleasure  than  the  last. 

The  Australian  Continent  may  be  not  unfitly  compared  to  the 
trunk  of  one  of  those  *  Oiant  trees '  of  the  Sierra  NoTada,  or  the 
equally  colossal '  Australian  gum-trees,'  whose  age  may  be  reckoned 
by  at  least  twenty  centuries,  their  centre  dense  and  almost  inanimate^ 
but  the  periphery  alive  and  growing  still,  receiving  beneath  its  bark 
a  ring  of  new  tissue  year  by  year. 

Once  the  centre  of  the  great  Australian  Continent  throbbed  with 
the  vigorous  circulation  of  youth  ;  animals  abounded  over  its  vast 
and  well- wooded  plains :  now  all  is  arid  and  apparently  waterless ; 
only  along  its  external  border  do  we  find  that  energetic  display 
of  vitality  which  marks  the  living  world.  Its  heart,  like  that 
of  the  great  Sequoia  or  the  giant  Euealjfptu$t  has,  seemingly, 
almost  ceased  to  pulsate ;  but  down,  deep  down,  beneath  the  sur&oe 
of  its  dried-up  plains,  vast  springs  of  sweet  waters  exist,  and  may 
still  be  reached,  like  the  invisible  sap-flow  of  the  *  big  trees,'  ndik 
in  stored-up  supplies  of  life-giving  energy,  which  need  only  to  be 
touched,  as  was  the  stony  rook  of  old — not  by  the  magic  rod  off 
any  modern  water-finding  Moses,  but  by  the  practical,  intelligent 
'artesian  well-borer' — to  make  it  ovei^ow  at  the  surface,  and 
bring  back  again  abundant  vegetation  and  animal  life  to  its  now  arid 
and  deserted  plains. 

Let  us,  however,  make  way  for  the  author,  and  he  will  tell  us  in 
his  own  words  *'  how  the  '  Kadimakara '  came  down  from  the  skies." 
The  story  is  delightful,  and  has  all  the  freshness  of  novelty  to 
recommend  it: — 

*' According  to  the  traditions  of  some  Australian  aborigines,  the 
deserts  of  Central  Australia  were  once  fertile,  well-watered  plains. 
Instead  of  the  present  brazen  sky,  the  heavens  were  covered  by 
a  vault  of  clouds,  so  dense  that  it  appeared  solid ;  where  to-day  the 
only  vegetation  is  a  thin  scrub,  there  were  once  giant  gum-trees, 
which  formed  pillars  to  support  the  sky ;  the  air,  now  laden  with 
blinding,  salt-coated  dust,  was  washed  by  soft  cooling  rains,  and  the 
present  deserts  around  Lake  Eyre  were  one  continuous  garden. 

"  The  rich  soil  of  the  country,  watered  by  abundant  rain,  supported 
a  luxuriant  vegetation,  which  spread  from  the  lake-shores  and  the 
river-banks  far  out  across  the  plains.  The  trunks  of  lofty  gum-trees 
rose  through  the  dense  undergrowth,  and  upheld  a  canopy  of 
vegetation,  that  protected  the  country  beneath  from  the  direct  rays 
of  the  sun.  In  this  roof  of  vegetation  dwelt  the  strange  monsters 
known  as  *  Eetdimakara '  or  *  Kadimerkera.' 

"Now  and  again  the  scent  of  the  succulent  herbage  rose  to  the 
roof-land,  and  tempted  the  inhabitants  to  climb  down  the  gum-trees 
to  the  pastures  below.  Once,  while  m'any  Kadimakara  were  revelling 
in  the  rich  foods  of  the  lower  world,  their  retreat  was  out  off  by  the 
destruction  of  the  three  gum-trees  which  were  the  pillars  of  the  sky. 
They  were  obliged  to  roam  on  earth,  and  wallow  in  the  marshes  of 
Lake  Eyre,  till  they  died,  and  to  this  day  their  bones  lie  where  they 
feii.    After  the  destruction  of  the  gum-trees  the  small  holes  in  the 
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forest-roof  increased  in  number  and  size,  until  tbey  touched  one 
another,  and  all  the  sky  became  one  continuous  hole ;  wherefore  the 
-skj  is  called  *  Puri  Wilpanina,'  which  means  *  Great  Hole.' 

"  At  tiroes,  when  the  country  is  wasted  bv  prolonged  drought,  or 
the  floods  from  the  Queensland  hills  lie  too  long  upon  the  hunting- 
grounds,  the  aborigines  make  pilgrimage  to  the  bones  of  the 
Cadimakara.  There  corroborees  are  held,  at  which  blood  sacrifices 
are  offered  and  dances  performed  to  appease  the  spirits  of  the  dead 
Kadimakara,  and  persuade  them  to  intercede  with  those  who  still 
dwell  in  the  sky  and  control  the  clouds  and  rain. 

*'  This  legend  is  part  of  the  folk-lore  of  the  Dieri,  a  tribe  found  in 
the  country  along  Cooper's  Creek,  eastward  of  Lake  Eyre.  The 
«ame  legend  is  told  by  other  tribes  in  the  same  district  of  Central 
Australia,  with  variations  in  the  form  of  names  and  in  other  details. 
It  may  have  arisen  as  a  pure  fiction,  invented  by  some  imaginative, 
stoiy-telling  native,  to  explain  why  large  bones  are  scattered  over 
the  bed  of  Cooper's  Creek.  It  may,  on  the  other  hand,  be  a  shadowy 
reminiscence  of  the  geographical  conditions  which  existed  in  some 
distant  ancestral  home  of  the  aborigines,  or  of  those  which  prevailed 
•in  Central  Australia  at  some  remote  period. 

"  What  geographical  conditions,  it  may  be  asked,  could  have 
^ven  rise  to  such  a  legend  ? 

**  To  the  dweller  in  the  open  down  or  moorland,  the  idea  that  the 
vault  of  heaven  could  be  upheld  by  trees,  or  that  the  open,  transparent 
sky  could  support  heavy  animals  of  flesh  and  bone,  seems  the  idlest 
fancy.  But  to  a  man  who  knows  the  tropical  forest,  it  appears 
inevitable  that  the  first  attempts  by  primitive  forest-people  to 
explain  the  world  around  them  must  closely  follow  the  lines  of  the 
Eadimakara  legend. 

"  If  the  pygmies  of  the  East  African  forests  have  any  theory  of  the 
limited  universe  known  to  them,  they  probably  regard  it  as  a  two- 
storied  structure  in  which  they  occupy  the  lower  floor.  They  live 
in  a  jungle  of  bamboos  and  dense  undergrowth,  while  high  above 
them  is  a  thick,  felted  layer  of  foliage  and  creepers,  upheld  by  the 
trunks  of  lofty  junipers,  which  rise  straight  to  a  great  height  before 
they  branch.  The  tangled  layer  of  vegetation  overhead  deprives  the 
natives  of  any  knowledge  of  the  world  above  the  tree- tops.  They 
are  covered  by  a  sheet  as  opaque  and  as  continuous  as  a  roof  slightly 
-out  of  repair.  In  that  roof  live  monkeys  and  birds  and  beasts,  that 
never  descend  to  the  ground  below ;  while  the  animals  that  live  and 
move  and  have  their  being  in  the  undergrowth  are  equally  cut  off  from 
the  world  abova  The  primitive  hunter  has  some  slight  knowledge  of 
the  jungle  roof  above  him.  He  hears  the  harsh  halloa  of  the  colobus, 
the  shrill  cry  of  the  birds  when  they  fall  a  prey  to  snakes  or 
monkeys;  his  keen  eye  can  detect  the  prized  fur  of  the  colobus 
despite  its  close  resemblance  to  the  long,  hanging  masses  of  grey 
bearded  lichen  that  drape  the  black  branches  of  the  trees.  But  the 
dweller  in  the  underlying  jungle  knows  nothing  of  the  region  above 
the  tree- tops.  In  the  dry  season,  when  the  forest  is  not  covered  in 
tnist,  he  may  see  the  stars  slowly  crossing  the  holes  in  the  roof;  bMt» 
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he  knows  nothing  of  their  distance,  and  probably  thinks  of  them  only 
as  fire-flies  with  an  unusnally  slow  and  steady  flight.  The  roof 
above  him  is  his  highest  heaven,  which  supplies  him  the  rain  that 
drips  heavily  from  the  sodden  foliage.  The  occasional  fiedl  of  a  dead 
bird  or  a  monkey  is  to  him  as  much  a  gift  from  the  gods  as  were  the 
sky-stones  that  supplied  the  Siberians  and  Eskimo  with  iron.  The 
change  from  the  dark  of  night  to  the  dull  gloom  that  pervades  the 
lower  forest  at  midday  is  clearly  due  to  some  change  in  or  above 
the  roof.  But  the  forest-dweller  has  no  clue  to  distance,  so  he 
flattens  the  whole  universe  above  him  into  one  solid  floor,  supported 
by  the  tree-trunks,  just  as  the  Greeks  projected  all  the  star-zones 
into  one  solid  firmament. 

"Those  who  interpret  the  Eadimakara  legend  by  the  light  of 
a  knowledge  of  tropical  forests,  naturally  see  in  *it  either  a 
reminiscence  of  the  time  when  the  geographical  conditions  of 
Central  Australia  were  different  from  those  that  prevail  at  present, 
or  a  reminiscence  of  the  countiy  whence  the  aborigines  migpitited  to 
Australia.  If,  therefore,  the  geologist  can  determine  whether  the 
bones  of  the  extinct  monsters  of  Lake  Eyre^  correspond  to  those 
described  in  the  aboriginal  traditions,  he  can  throw  light  on  several 
interesting  problems.  If  the  legends  attribute  to  the  extinct  animals 
characters  which  they  possessed,  but  which  the  natives  could  not 
have  inferred  from  the  bones,  then  the  legends  are  of  local  origin. 
They  would  prove  that  man  inhabited  Central  Australia  at  the  same 
time  as  the  mighty  Diprotodon  and  the  extinct  giant  kangaroos.  If, 
on  the  other  hand,  there  is  no  such  correspondence  between  the 
legends  and  the  fossils,  then  we  must  regard  the  traditions  as  due  to 
the  habit  of  migratory  peoples  of  localising  in  new  homes  the 
incidents  recorded  in  their  folk-lore. 

"The  geologist  may  therefore  hope  to  help  the  student  of  the 
Australian  aborigines  by  explaining  some  of  their  traditions,  by 
throwing  light  on  their  migrations,  and  by  showing  the  date  of  their 
arrival  in  Australia." 

Part  ii  (pp.  17-142)  of  Dr.  Gregory's  book  is  devoted  to  the 
narrative  of  the  expedition,  which  gives  the  reader  a  very  good 
insight  into  desert  travelling  with  camels  and  native  guides,  and  the 
joys  and  sorrows  of  dust-  and  rain-storms,  water-holes,  and  soakages, 
and  the  finding  of  Diprotodon  bones,  eta,  also  some  excellent  traits 
in  character  amongst  the  natives. 

Part  iii  (pp.  145-267)  gives  us  an  interesting  description  of  the 
Lake  Eyre  Basin,  "  The  Dead  Heart  of  Australia,"  the  charm  of 
desert  life,  a  good  deal  about  the  *  Aboriginee '  of  Lake  Eyre,  and 
how  the  present  condition  of  the  lake  has  come  to  pass. 

Part  iv  (pp.  271-352)  treats  of  the  chances  of  the  revival  of  the 
'  Dead  Heart '  of  Australia,  of  its  subterranean  waters,  the  nature 
of  flowing  wells,  the  great  east-central  artesian  basin,  why  the  water 
rises  in  the  Australian  wells,  and  many  wise  observations,  based 
on  careful  geological  study ;  much  also  as  to  the  error  (common 
throughout  the  country)  of  assuming  the  permanent  nature  of  the 

'  The  Dip^'otodon^  Uiq  giaul  v^^ea  q1\l&a^;u»(m^  and  the  Omf^omit, 
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supply  from  artesian  sources,  and  the  danger  consequent  upon  the 
present  wanton  waste  of  such  water  at  the  surface.  A  chapter  is 
«1evoted  to  the  gigantic  proposal  to  flood  Lake  Eyre  from  the 
sea;  but  a  few  carefully  prepared  statements  given  (on  p.  347) 
by  Mr.  A.  S.  Eenyon,  Sir  Charles  Tod,  and  others,  show  the  futility 
of  such  an  attempt,  at  least  so  far  as  human  agency  is  concerned. 
At  p.  148  Dr.  Gregory  gives  us  an  epitome  of  the  changes  that 
must  have  taken  place  in  this  inland  sea  basin. 

llie  region  of  Lake  Eyre  in  Secondary  (Jurassic)  times  must  have 
been  slowly  sinking  till  it  was  flooded  by  the  sea,  which  steadily 
encroached  from  the  Qulf  of  Carpenteria  in  the  north  to  Stuart's 
Creek  and  Lake  Torrens  in  the  south. 

The  sea  subsequently  retreated,  and  the  great  basin  of  Central 
Australia  again  became  land.  A  great  uplift  then  occurred  in 
Eastern  Queensland.  The  sea,  after  withdrawing  from  Northern 
Australia,  began  to  encroach  upon  the  south,  covering  much  of  what 
are  now  the  coast  lands  of  South  Australia  and  Victoria,  and  extended 
in  gulfs  thence  far  inland,  especially  up  the  Murray,  so  that  the 
Darling,  the  Murrumbidgee,  and  the  Hume  entered  the  sea  as 
independent  rivers. 

The  earth-movements  which  followed  impressed  upon  South 
Australia  its  main  existing  geographical  features.  The  great  valley 
of  South  Australia  was  formed.  The  lower  part  of  this  valley 
foundered  beneath  the  sea  and  formed  Spencer's  Gulf,  the  northern 
became  the  long  basin  of  Lake  Torrens. 

The  Lake  Eyre  country  also  began  again  to  sink,  till  the  lake- 
margin  was,  as  now,  thirty-nine  feet  below  sea-level.  Previously 
the  rivers,  which  now  flow  towards  Lake  Eyre,  flowed  south- 
eastward to  the  Darling  or  had  an  independent  course  to  the  sea, 
which  then  ran  up  the  Murray  River.  As  the  depression  of  Lake 
Eyre  continued,  the  Cooper  and  the  Diamantina  were  diverted  to  its 
basin,  where  they  accumulated  as  a  vast  inland  sea.  Bound  such 
a  sheet  of  water  there  must  have  been  a  heavy  dew,  and  probably  also 
the  rainfall  was  considerable,  for  the  adjacent  steppes  were  well 
grassed  and  fertile,  and  large  trees — now  represented  by  their 
petrified  trunks — ^grew  on  the  plains.  The  water  of  this  lake  was 
fresh  ....  and  was  probably  at  least  three  times  the  size  of  its 
present  bed,  and  on  its  shores  lived  many  giant  kangaroos,  giant 
wombats,  as  well  as  wallabies,  bandicoots,  and  marsupial  rats. 

Crocodiles  swarmed  in  the  lake  and  its  estuaries,  and  preyed  upon 
the  primitive  Queensland  mudfish  (Ceratodus)  and  on  huge  bony 
fish,  all  of  which  have  long  since  disappeared  from  the  waters  of  the 
Lake  Eyre  basin,  lliis  condition  of  affairs  did  not  endure.  The 
rainfall  dwindled,  the  water-level  sank,  and  the  lake  decreased  in 
size;  the  discharge  from  the  lake  could  no  longer  keep  open  its 
channel,  and  Lake  Eyre  lost  its  outlet ;  its  waters  were  henceforth 
removed  by  evaporation  ;  the  mineral  matters  carried  into  the  lake  by 
the  rivers  were  concentrated  until  the  waters  became  salt,  and  the  fish 
and  crocodiles  were  all  destroyed.  As  the  lake  shrank  in  area,  less 
and  less  rain  fell  upon  its  shores ;  the  vegetation  withered ;  the  qilq^ 
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green  sucoalent  herbage  was  replaced  by  dry  spiny  plants;  the* 
giant  marsapials  died  of  hunger  and  thirst ;  hot  winds  swept  across- 
Uie  dusty  plains,  and  the  once  fertile  basin  of  Lake  Eyre  was  blasted 
into  desert  (p.  151). 

As  to  the  flooding  of  Lake  Eyre,  the  distance  to  Port  Augusta  (at 
the  head  of  Spencer's  Gulf)  is  260  miles,  and  the  surface  of  Im^ 
Eyre  is  39  feet  below  sea-level ;  this  would  give  a  fall  of  one  inch 
and  a  fifth  to  the  mile  to  a  canal,  so  that  the  water  would  doubtless^ 
flow  through  such  a  channel.  It  is  the  enormous  loss  by  evaporation 
which  offers  the  most  insuperable  obstacle  to  any  project  for  the 
improvement  of  this  great  area. 

''The  quantity  of  water  carried  into  Lake  Eyre  by  the  Diaraantina 
and  the  Cooper  is  enormous.  The  Diamantina  rushes  along  like 
a  mill-race;  the  Cooper  flows  in  a  broad  sheet,  in  places  twelve  miles 
wide;  and  both  rivers  sometimes  flow  for  months.  Nevertheless, 
though  the  southern  part  of  Lake  Eyre  frequently  holds  water,  na 
man  has  yet  seen  the  lake  either  full  or  nearly  full.  And  if  these 
two  large  rivers  cannot  fill  Lake  Eyre  basin,  a  sluggish  fifty  feet 
wide  canal  would  be  as  successful  as  a  Melbourne  water-cart  trying 
to  induce  one  of  its  broad  thoroughfares  to  lie  quiet  in  a  dust-storm 
(p.  349). 

We  should  like  to  give  our  readers  a  specimen  of  the  author*a 
vivid  descriptions  of  the  Australian  natives ;  space  does  not,  however, 
admit;  but  they  must  certainly  get  the  book  and  read  about  the 
so-called  '  Aboriginee.'  We  feel  sure  that  those  who  take  up 
Dr.  Gregory's  book  will  not  lay  it  down  again  until  they  have 
read  it  through,  aud  that  they  will  enjoy  it  in  the  process  as 
thoroughly  as  we  have  done. 


n. —  Geology  :  Pbocesses  and  their  Results.  By  T.  €► 
Chamberlin  and  R.  D.  Salisbury,  pp.  xix  and  654,  with 
24  plates  (maps)  and  471  text-figures.  (London :  John  Murray, 
1905.     Price  21«.  net.) 

THE  first  volume  of  this  new  Textbook  of  Geology  by  Professors 
T.  C.  Chamberlin  and  Rollin  D.  Salisbury,  of  the  University  of 
Chicago,  strikes  us  as  a  serious  and  conscientious  attempt  to  grapple 
with  the  first  principles  of  earth-knowledge  in  its  entirety,  aud  the 
attempt  has  been  as  successful  as  any  such  comprehensive  attempt 
oan  expect  to  be.  Everything  is  classified  and  well  ordered,  and 
the  essence  of  the  available  information  on  the  various  branches  of 
the  subject  is  condensed  into  pithy  generalized  statements  with 
only  just  sufficient  exemplification  to  illustrate  the  argument. 
Everywhere  we  are  made  to  feel  that  the  work  is  the  product  of 
men  with  a  practical  grasp  of  their  material,  who  have  striven  to 
express  in  their  own  way  all  that  they  have  learnt  Therefore  this 
is  not  a  textbook  made  in  the  too  frequent  way,  "  as  apothecaries 
make  new  mixtures,  by  pouring  out  of  one  vessel  into  another."  We 
find  in  consequence  that  even  when  the  authors  lead  us  over  familiar 
ground  ive  are  frequently  brought  to  fresh  view-poiuts.     It  must  be 
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•dmittedy  however,  that  Bometimee  the  new  aspect  has  no  partionlar 
advantage  over  the  old,  and  indeed  is  leas  impiessiTe.    For  the 
matured  geologist  the  disooseion  of  diffioolt  problems  by  the  method 
of  '*  multiple  hypotheses,"  elsewhere  advooated  by  the  senior  aathor 
and  here  adopted,  has  many  advantages;  but  it  may  be  doubted 
whether  the  method  will  oommend  itself  to  the  geologist  in  the 
making,  for  whom  a  single  aspect  of  an  uncertain  question  is 
usually  more  than  sufficient    The  book,  in  fact,  possesses    the 
ohaiacteristio  of  much  American  geological  literature,  in  uniting 
a  mass  of  simple  elementary  matter  with  discussions  that  demand 
wide-reaching  knowledge  of  the  facts  of  the  science  for  their  proper 
i^preciation.    As  the  authors  state,  however,  that  while  the  work  is 
intended  primarily  for  mature  students,  it  has  been  framed  also  for 
the  reader  without  systematic  antecedent  knowledge  of  the  subject, 
tiie  oombination  of  elementary  and  advanced  material  is,  in  this  case^ 
unavoidable.    Some  of  the  problems  raised  in  the  book — as,  for 
example,  the  discussion  of  the  original  composition  and  internal 
structure  of  the  earth  and  its  relation  to  the  origin  of  the  igneous 
rooks  and  volcanoes ;  that  relating  to  the  geological  history  of  the 
atmosphere ;  and  that  dealing  with  the  physios  of  gIacier*movement 
— embody  recent  views  of   the  senior   author  which  necessitate 
considerable  modifications  in  the  prevalent  conceptions  of  geological 
physics.     Into  these  abstruse  questions  we  shall  not  venture  to 
enter,  but  we  heartily  commend  them  to  the  attention  of  philo- 
sophical   geologists,   who   will    find    them    oonveniently    brought 
together  and  summarized  in  this  book.     All  that  we  can  attempt  is 
briefly  to  indicate  the  contents  of  the  volume. 

The  work  begins  boldly  with  a  "  Preliminary  Outline  "  (chap,  i, 
pp.  1-19),  which,  under  the  heading  of  "  Astronomic  Geology," 
starts  by  considering  the  earth  as  a  planet,  with  a  discussion  of  the 
astronomical  conditions  that  may  have  produced  geological  effects. 
Next,  under  "  Geognosy/'  the  atmosphere,  hydrosphere,  and 
lithoephere  are  successively  outlined,  their  relative  proportions 
illustrated  by  some  striking  numerical  data,  the  relation  of  the 
ocean  basins  to  the  land-surfaces  discussed,  and  the  origin  of  the 
rook-masses  tersely  indicated.  In  chap,  ii  (pp.  20-52),  dealing 
with  "The  Atmosphere  as  a  Geological  Agent,"  the  work  of  the 
wind  is  fully  considered,  along  with  other  atmospheric  effects, 
including  even  the  occasional  influence  of  lightning. 

Then  follows  the  longest  and  most  riohly  illustrated  chapter  in 
the  book  (chap,  iii,  pp.  63-201),  on  "The  Work  of  Running 
Water,"  wherein  all  the  recent  ideas  with  respect  to  physiographic 
development  are  conveniently  brought  together  and  supported  by 
appropnate  examples  from  all  parts  of  the  United  States.  The 
broad  generalizations  on  this  subject  are  illustrated  by  some 
geometrical  and  other  designs  (figs.  45-51)  of  remarkable  aspect, 
tiiat  look  as  though  they  had  wandered  out  of  textbooks  of 
crystallography  and  biology.  In  the  next  chapter  (iv,  pp.  203-231) 
" The  Work  of  Ground-  (Underground)  Water"  receives  treatment, 
the  solvent  and  other  effects  of  such  waters  being  duly  considered. 
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The  chapter  (v,  pp.  232-308)  on  "  The  Work  of  Snow  and  Ice  " 
oontains  much  information  that  has  not  hitherto  filtered  into 
geological  tezthooks,  and  ia  emhellished,  both  piotorially  and 
verb^ly,  with  the  results  of  the  authors'  personal  observations  in 
North  Greenland.  We  note  that  the  thickness  of  the  Greenland  ioe- 
dome  at  its  centre  is  estimated  at  5,000  feet  or  more,  and  we 
recommend  the  statement  to  the  attention  of  the  writer  in  this 
Magazine  (March,  1906,  p.  120)  who  has  recently,  on  bypotheiioal 
grounds,  revived  the  idea  that  ice  cannot  attain  a  gpreater  thick- 
ness than  about  1,600  feet.  The  discussion  of  the  physios  of 
ice-movement  in  this  chapter  contains  much  new  and  suggestive 
matter. 

"  The  Work  of  the  Ocean "  is  dealt  with  in  chap,  vi  (pp.  809- 
374),  and  this,  we  think,  is  one  of  the  weaker  chapters  of  the  book. 
In  adhering  to  their  plan  of  selecting  pictorial  illustrations  chiefly 
from  American  sources,  the  authors  fall  back  upon  examples  from 
the  beaches  and  cliffs  of  the  great  lakes,  although  these  are  not 
marine  and  lack  the  essential  feature  of  a  tidal  flat  But  it  is 
indeed  remarkable  how  small  is  the  proportion  of  sea-cliff  in  the 
coastline  of  the  United  States. 

The  account  of  ''  The  Origin  and  Descent  of  Bocks  "  in  chap,  vii 
(pp.  375-462)  covers  a  very  wide  range,  and  oontains  some  original 
features.  Divided  like  the  rest  into  numerous  sections,  subsections, 
and  titled  paragraphs,  it  begins  with  an  outline  of  the  chemical 
conceptions  regarding  rock-structure  and  molten  magmas,  and  next 
discusses  the  varied  products  derived  from  these  magmas  by  cooling 
under  different  conditions.  In  describing  the  "general  names" — 
greenstone,  trap,  basalt,  etc. — that  may  be  applied  to  igneous  rocks, 
it  is  stated  that  the  name  '  trap '  "  refers  to  the  step-like  arrange- 
ment which  the  edges  of  the  superimposed  sheets  of  lava  often 
take"  (p.  399),  but  this  statement  as  it  stands  seems  somewhat 
misleading,  as  it  might  be  taken  to  imply  that  the  step -like 
8urrangement  in  question  was  originally  present,  instead  of  being, 
in  most  cases,  produced  during  subsequent  denudation. 

The  '  secondary '  (a  somewhat  ambiguous  term  for  the  '  sedi- 
mentary ')  rocks  are  then  dealt  with  ;  after  which  we  are  led  to  the 
consideration  of  the  'internal  alterations'  of  rooks,  especial 
attention  being  given  to  '  carbonation  and  decarbonation,'  to  which 
processes  one  of  the  authors,  as  is  well  known,  ascribes  wide- 
reaching  results.  The  processes  as  a  whole  are  classed  as 
'  descensional '  and  '  reascensional/  the  former  being  those  con- 
cerned in  the  breaking  down  of  rocks,  and  the  latter  those  concerned 
in  their  renovation.  An  outline  is  then  given  (in  smaller  type)  of 
the  new  system  of  rook -classification  and  nomenclature  proposed  by 
American  petrographers,  and  the  chapter  ends  with  a  discussion  of 
ore-deposits.  As  the  book  is  remarkably  free  from  printers'  errors, 
we  may  call  attention,  in  passing,  to  "the  surface-water  shave" 
on  p.  459. 

The  chapter  (viii,  pp.  463-501)  on  "Structural  (Geotactonic) 
Geology"  does  not  particularly  impress  us,  and  seems  to  lack 
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balanoe.  For  example,  the  abnormally  symmetrioal  calcareoas 
oonoretioQB,  though  very  ourions  and  though  beautifully  illustrated 
in  iSgs.  871-373,  are  not  of  sufficient  geological  consequence  to 
deserye  the  two  pages  of  the  textbook  devoted  to  them,  and  the 
same  remark  applies  to  the  septarian  nodules,  figs.  375-377,  while 
such  an  important  feature  as  the  igneous  dyke  is  illustrated  by 
a  sand-filled  fissure  which  is  not  a  true  dyke. 

In  the  statement  on  p.  478 — ''Since  the  strike  is  always  at  right 
angles  to  the  dip,  the  strike  need  not  be  recorded  if  the  direction  of 
dip  is.  Thus  dip  40°,  S.  20""  W.  is  the  same  as  dip  40"",  strike 
W.  20°  N." — it  seems  to  be  forgotten,  in  the  last  sentence,  that  the 
dip  may  be  away  from  the  strike-line  in  two  directions.  The 
definition  of  an  isoclinal  fold  takes  the  form  of  a  simple  reference  to 
a  figure  (fig.  393),  which  shows  the  beds  folded  vertically — surely 
a  misleading  and  insufficient  definition  for  the  student  I  We 
thought  that  the  term  '  pitch '  had  been  introduced  and  adopted  in 
America  to  express  the  inclination  of  the  crests  and  troughs  of  folds ; 
but  we  find  on  p.  483  that  a  circumlocution,  introducing  the  word 
*  plunging,'  is  used  in  this  sense. 

In  the  next  chapter  (ix,  pp.  502-562)  on  ''  The  Movements  and 
Deformations  of  the  Earth's  Body  (Diastrophism) "  the  authors 
4igain  take  a  stimulative  plunge  into  the  philosophical  aspects  of  the 
scienoe.  Earthquakes  and  their  efifects  are  discussed  at  some 
length ;  and  then  the  *  slow  massive  movements '  are  brought  under 
•consideration,  including  the  '  nearly  constant  small  movements '  or 
gentle  warpings,  the  '  great  periodic  '  or  '  mountain  -  forming ' 
movements,  and  the  'plateau-forming'  and  'continent-forming' 
movements.  Some  suggestive  ideas  are  broached  in  comparing  the 
relative  values  and  effects  of  these  various  deformations ;  and  then 
we  are  carried  deeply  into  hypothetical  physics  in  speculating  upon 
-the  causes  of  movement  and  the  probable  condition  of  the  earth's 
interior.  In  this,  and  in  the  following  chapter  (x,  pp.  563-607) 
on  "  The  Extrusive  Processes,"  free  play  is  given  to  the  method  of 
'  multiple  hypotheses '  already  alluded  to ;  and  among  these 
hypotheses  the  theory  of  the  growth  of  the  earth  by  solid  accretion, 
recently  brought  forward  by  the  senior  author,  receives  full  con- 
sideration and  leads  to  the  introduction  of  some  novel  ideas,  whose 
appraisement  must  be  left  to  the  physicist  He  will  be  a  tough 
student,  and  far  removed  from  the  average  hammer- wielder,  who 
shall  set  himself  conscientiously  to  fathom  the  profundity  or  other- 
wise of  these  speculations. 

The  discussion  of  terrestrial  vulcanism  (with  a  side-glance  at  the 
mountains  of  the  moon)  includes  a  description  of  the  different  types 
of  eruptive  activity  and  their  products ;  and  it  closes  with  a  review 
-of  seven  different  hypotheses,  arranged  under  two  leading  assump- 
tions, as  to  the  origin  and  mode  of  extrusion  of  lavas  and  their 
accompanying  gases,  the  theory  of  accretion  here  receiving  further 
development 

The  final  chapter  (xi,  pp.  608-641),  dealing  with  "The  Geologic 
Functions    of   Life,"    embraces    a    brief   statement    of    PcoC^^^icyt 
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Chamberlin's  views  regarding  the   probable  fluotnatioiiB  of  stmo* 
spberio  oompoeition,  especially  in  the  proportion  of  carbon  dioxide, 
during  geological  time  and    their  effect  upon  climate.     It  also- 
tenches  suggestiyely  upon   the    material   results  of  the   'mental 
element'  in  modifying  the  earth's  surface,  regarding  which  it  is- 
noted   that   "man  may   well  be  regarded  not  only  as  a  potent 
geological  agent,  but  as  dangerously  so  to  himself"  (p.  619).    The 
contributions  of  the  Tarious  branches  of  the  vegetable  and  animal 
kingdom  to  the  geological  record  are  set  forth ;  and  the  book  ends- 
with  some  philosophical  remarks  upon  the  evolution,  distribution, 
and  mutual  relations  of  organisms. 

The  trilobites  seem  to  be  special  favourites  of  the  authors: — 
"  These  were  probably  the  most  highly  developed  organisms  of  their 
times,  and  give  the  clearest  hints  of  the  stage  of  psychological  and 
sociological  development  that  had  been  reached  when  first  the 
record  of  life  is  opened  to  us"  (p.  632). 

llie  authors  have  evidently  spared  no  pains  in  the  preparation  of 
the  book,  which  is  clearly  and  carefully  written  throughout,  though 
the  style  becomes  somewhat  ponderous  and  didactic  at  times. 
There  is  a  marked  absence  of  American  idioms,  and  even  the 
American  methods  of  spelling  are  not  obtmsive.  We  note, 
however,  in  at  least  two  places,  the  discredited  usage  of '  phenomenal,' 
which  should  not  occur  in  scientific  literature.  The  illustrations 
are  very  numerous,  well  selected,  and  beautifully  printed ;  and 
idthough  many  of  them  have  appeared  before  in  American  geological 
literature,  they  bring  a  sense  of  breadth  and  freshness  to  the  British 
reader  wearied  with  the  time-worn  cliches  of  his  native  land.  But 
the  book  is  of  the  densest  paper,  and  so  uncomfortably  heavy  that 
even  its  strong  neat  binding  cannot  be  expected  long  to  stand  the 
strain.  Witli  its  two  succeeding  volumes  of  equal  or  still  greater 
weight,  we  fear  that,  mnscularly,  the  student  will  sometimes  find 
the  trio  to  be  a  weary  load. 


III. — Thb  Coal  Deposits  of  Batan  Island,  with  Notes  on  the 
General  and  Economic  Geology  of  the  adjacent  region.  By 
Wabbbn  D.  Smith,  B.S.,  M.A.,  Geologist,  Mining  Bureau. 
Bulletin  No.  5,  Department  of  the  Interior  :  The  Mining  Bureau, 
Manila.  8vo ;  pp.  56,  and  21  plates  (maps,  sections,  photo- 
micrographs  of  rocks  and  fossils).  (Manila :  Bureau  of  Printing, 
1905.) 

THE  occurrence  of  coal  deposits  in  the  Island  of  Batan,  as  well  as 
in  the  Philippines  generally,  has  already  been  referred  to  by 
Mr.  George  F.  Becker  in  his  comprehensive  "  Report  on  the  Geology 
of  the  Philippine  Islands,"  published  at  Washington  in  tho 
21st  Annual  Report  of  the  United  States  Geological  Survey,  during 
1901.  More  detailed  work  has  now  been  accomplished  in  Batan 
Island,  and  Mr.  Warren  D.  Smith  is  to  be  congratulated  on  the  very 
complete  manner  in  which  he  has  surveyed  that  particular  area  and 
the  region  immediately  surrounding  it.     The  account  he  presents 
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to  118  in  this  report  inolndee  some  geographioal  remarks  bearing 
npon  the  olimate,  Tegetation,  popnlation,  hydrography,  eto.  On  the 
eoonomio  subjeot,  partionlars  are  given  of  the  history  of  the  distriot ; 
the  onal-seains  as  they  occur  at  Liguan,  Chifladura,  Bilbao,  and 
Batan  ;  the  present  methods  of  mining,  cost,  labour,  eto. ;  exploratory 
work  on  military  reservation ;  and  the  classification  and  yalue  of  the 
Batan  coals.  Then  the  author  passes  on  to  a  description  of  the 
general  geology  of  the  distriot,  comprising  observations  on  Batan 
Island,  Bapurapu  Island,  Caeraray,  and  San  Miguel,  and  the  adjacent 
coast  of  Albay  Luzon,  which  is  followed  by  a  more  detailed 
statement  respecting  the  geology  of  Batan  Island  in  connection  with 
its  igneous  base,  the  iron  formation  and  its  origin,  the  coal-measures^ 
the  limestone  series,  and  the  Galicia  sandstones  and  shales.  Finally, 
a  chapter  on  the  palsdontology  of  Batan  Island  adds  a  further 
interest  to  the  work.  Three  or  four  sets  of  limestone  have  been 
observed  in  the  island  rising  to  1,330  feet  above  sea-level  and 
345  feet  below  the  level  of  the  sea :  the  lowest  is  bluish-grey  and 
oontains  ooral  fragments,  the  next  is  more  regularly  bedded  but  witb 
fewer  fossils,  whilst  an  uppermost  limestone  occurs  above  the  coal- 
measures  at  Bilbao  on  Mount  Bilbao  and  has  yielded  some  fossils. 
From  the  highest  to  the  lowest  these  limestones  are  said  to  be  of 
coralline  character,  containing  forms  almost  identical  with  living 
species.  The  bluish-grey  material  is  full  of  Foraminiferal  remains,. 
particularly  Opereulina  complanata  and  a  Bryozoan  resembling 
Cellepora  formosenstB  of  Newton  &  Holland  (Journ.  Sci.  College 
Imp.  Univ.  Tokyo,  Japan,  1902,  vol.  xvii,  article  6,  pis.  ii-iv,  p.  6), 
this  latter  having  been  originally  described  from  the  Miocene 
formation  (Orbitoidal  limestone)  of  the  Islands  of  Formosa  and 
Biu-Kiu,  and  the  former  reported  by  the  same  authors  as  occurring 
in  the  Post-Pliocene  deposits  (raised  coral-reef  beds)  of  Kiu-Kiu. 
Holluscan  remains  are  found  in  the  shales  of  the  coal-measures, 
including  a  species  of  Telltna,  and  an  Area  like  diluvii  of  Lamarck  ; 
leaf-impressions  are  also  met  with.  Further  information  respecting 
these  fossils  is  to  be  given  in  a  later  memoir  when  more  fully  studied, 
but  in  the  meantime  the  author  recognises  both  Miocene  and  Pliocene 
rocks  in  Batan  Island,  and  with  regard  to  the  age  of  the  coal  deposits 
be  considers  it  possible  that  they  may  be  of  later  age  than  Eocene. 
Microphotographs  of  diorite  from  Bapurapu  and  serpentine  from 
Batan  are  given  on  plate  xix ;  and  plate  xx  contains  similarly 
prepared  figures  of  Opereulina  complanata  and  Amphisteijina  (?). 

R.  B.  N. 


IV. — Short  Notices. 
1. — Geolooioal  Survey  and  Museum. 

WE  have  omitted  to  notice  one  of  the  most  useful,  interesting, 
and  important  publications  of  this  Department,  issued 
moreover  last  year.  It  is  entitled  **  A  Handbook  to  a  Collection  of 
the  Minerals  of  the  British  Islands,  mostly  selected  from  the  Ludlam 
Collection  in  the  Museum  of  Practical  Geology  "  e^tid  \\.  \%  nX^^ 
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work  of  Mr.  F.  W.  Budler,  I.S.O.,  the  former  Carator.  Clearly  and 
coDcisely  written,  it  ooDveya  in  readable  form  an  astoniBbing  amount 
of  accurate  information,  with  abundant  references  to  further  original 
sources  of  knowledge.  It  is  especially  rich  in  observations  on  the 
mode  of  occurrence,  origin,  and  eoonomio  uses  of  our  minerals. 
The  volume  extends  to  241  pages,  including  a  good  index,  and  the 
price  is  \». 

2.  —  Notes  on  Casibbiah  Faunas.  By  6.  F.  Matthkw,  D.Sa, 
F.R.S.C.  Bull.  Nat  Hist  Soc.  of  New  Brunswick,  vol.  t, 
part  4,  p.  406. 

fPHIS  article  relates  to  the  characters  of  certain  Ostraooda  and 
X  Trilobita  of  the  Paradoxide$  and  Proiolemu  sonea  of  New 
Brunswick  in  Eastern  Canada,  and  is  based  on  additional  material 
of  species  already  described.  There  is  also  in  this  article  a  dis- 
cussion of  certain  Cambrian  forms  from  the  locality  at  Anse  an 
Loup,  the  fossils  of  which  were  studied  by  the  late  £.  Billings ;  the 
opinion  is  expressed  that  the  genus  Salterella  is  based  on  ensheathed 
examples  of  ITyoUthes  and  Orthoikeca.  Walcott  has  referred  one 
species  to  HyolUhes;  Dr.  Matthew  would  refer  the  other  two  to 
Orihotheea, 


S.  —  Nbw  Species  and  a  New  Genus  of  Devonian  Plants. 
By  G.  F.  Matthew,  LL.D.,  F.R.S.C.  Bull.  Nat  Hist  Soc.  of 
New  Brunswick,  vol.  v,  part  4,  p.  393. 

ANEW  genus  and  new  species  and  a  mutation  of  a  Carboniferous 
species  from  the  plant-bearing  strata  near  St  John,  New 
6runswick,  Canada,  are  described  in  this  article.  The  former  is 
a  fern  of  peculiar  aspect,  with  thick,  smooth,  barren  pinnules  and 
fertile  pinnules  that  bore  pods  or  similar  receptacles;  the  barren 
pinnules  are  compared  with  the  Ginkgoale  genus  Baiera  of  the 
Secondary  rocks,  the  fertile  ones  to  PaJaoptertB,  The  other  fossil 
described  in  this  paper  is  considered  to  be  a  mutation  of  Brongniart's 
Annnlaria  longifolia ;  it  has  wider  leaves  and  longer  intemodes  than 
the  typical  forms  of  the  Coal-measures. 
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June  27th,  1906.— Sir  Archibald  Geikie,  D.C.L.,  So.D.,  SeaE.&, 

President,  in  the  Chair. 

The  President  announced  that  the  Foreign  Secretary  had,  on 
behalf  of  the  Officers  and  Council,  addressed  a  letter  of  congratu- 
lation to  Commendatore  Prof.  Arturo  Issel,  For.  Corr.  6.  S.,  on  the 
occasion  of  the  fortieth  anniversary  of  his  professorate  in  Genoa 
University. 
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The  following  oommunioationa  were  read : — 

1.  "  Inteiference  Phenomena  in  the  Alps."  By  Mrs.  Maria  M. 
Ogilvie  Gordon,  D.So.,  Ph.D.,  F.L.S.  (Communicated  by  Sir 
Archibald  Geikie,  D.C.K,  Sc.D.,  Sec.B.S.,  P.6.S.) 

In  former  papers^  the  authoress  pointed  out  that,  while  the 
leading  axis  of  the  Alpine  mountain  system  extended  in  an  east  and 
west  direction,  and  it  was  generally  accepted  by  Alpine  geologista 
that  Alpine  areas  had  endured  horizontal  compressive  stresses  in  a 
north-and-sonth  direction,  her  own  studies  of  Alpine  geology  had 
led  her  to  the  conclusion  that  there  had  also  been  cross  deformation 
throughout  the  whole  region,  including  both  plicational  and  over- 
thrust  effects ;  and  that  this  cross  deformation  had  been  induced  in 
relation  to  horizontal  pressures  which  had  acted  from  the  Hungarian 
Basin  westward  over  Alpine  areas.  In  a  quite  similar  way,  radially 
direoted  horizontal  pressures  had  acted  round  the  northern,  eastern, 
and  southern  periphery  of  the  Hungarian  Basin,  and  had  originated 
the  deformational  systems  of  the  Carpathian  Mountains. 

On  the  Alpine  side  of  the  Hungarian  Basiu,  owing  to  the  resisting 
character  of  the  previously  plicated  rocks  composing  the  Pal»ozoi& 
Alpine  chain,  the  ancient  chain  had  been  broken  up  by  the  east-and- 
weet  compression  into  a  series  of  cross  segments  or  fault  blocks,  and 
there  had  been  a  general  westward  crush  of  the  series.  The  leading 
cross  segments  named  by  the  authoress  were— (1)  the  Western  Alps, 
(2)  the  Engadine,  and  (3)  the  Styrian  Alps.*  ^'^  Overthrust  effects 
had  been  produced  not  only  at  the  western  margins  of  the  segments, 
but  also  in  some  cases  at  the  eastern  margins,  e.g.  notably  in  the 
Western  Alps  and  at  the  Judicarian  Fault  in  the  Eastern  Alps. 
Further,  these  same  cross  segments  in  the  Central  Alps  had  been, 
from  their  first  initiation,  interrupted  on  the  north  and  south  by 
ancient  leading  east-and-west  faults,  in  relation  to  which  sagging  or 
downthrow  movements  took  plsice  towards  the  Central  Alpine  band, 
and  overthrust  movements  occurred  in  opposite  directions. 

The  present  paper,  so  far  as  it  deals  with  the  general  structure  of 
the  Alps,  was  completed  in  April,  1905 ;  but,  acting  on  the  advice 
of  Sir  Archibald  Geikie,  the  authoress  has  since  endeavoured  to 
strengthen  her  line  of  eurgument  by  taking  as  a  type  the  series  of 
structural  changes  undergone  in  the  largely  igneous  mountain - 
massive  of  Bufaure  in  the  Dolomites,  and  elucidating  the  successive 
phases  from  the  point  of  view  of  historical  geology. 

After  describing  in  detail  the  geology  of  the  Bufaure  Massive,  the 
authoress  discusses  the  structural  relation  of  the  Western  Alps  and 
the  Engadine  to  one  another  and  to  the  whole  mountain  system. 
From  the  particular  arrangement  of  overtbrusts,  as  well  as  from  the 
distribution  of  the  igneous  intrusions  in  the  Western  Alps  and  in 
the  Engadine,  the  authoress  concludes  that  these  were  areas  where 

*  M.  M.  Ogilyie  Gordon:  (1)  " Toreion- Structure  in  the  Alps,"  Nature, 
September  7th,  1899,  vol.  Is,  pp.  443-446:  (2)  *'The  Crupt- Basins  of  Southern 
&izope,"  Seventh  Intemational  Geographical  Confip-ess,  Berlin,  1899  (Proceedings 
of  the  CongresB,  part  ii,  pp.  167-180,  pi.  vii) ;  and  (3)  **  The  Origin  of  Land-Forms 
thxaugh  Gnut-Torsion,'*  Geogr.  Joum.,  toI.  xtI  (1900),  pp.  457-469. 
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leading  oross  faults  intereeoted  the  easfe-and-weat  Oentral  Alpine 
'band,  and  shows  how  the  coaleaoence  of  these  cross  faults  with 
E.N.E.-W.S.W.  faults  on  the  north  side  and  W.N.W.-E.S.E.  faults 
on  the  south  side  defined  two  leading  fault  ourres,  the  one  passing 
through  the  Engadine  and  oontinuing  in  the  Dalmatian  Alps,  the 
other  passing  through  the  Western  Alps  and  oontinuing  in  the 
Apennines.  These  strike  curves  are  essentially  peripheral  to  die 
western  side  of  the  Hungarian  Basin. 

The  cross  segment  comprising  the  Bhine-Ticino  district  between 
the  Western  Alps  and  the  Engadine  is,  according  to  the  authoress's 
interpretation,  anticlinal  in  character,  segments  having  been  down* 
•thrown  from  it  both  towards  the  west  and  towards  the  east,  and 
-overthruRt  masses  having  crept  eastward  and  south-eastward  from 
the  Western  Alps,  and  westwiurd  from  the  Engadine. 

The  authoress  then  discusses  the  relation  of  the  French  Jura 
mountains  to  the  Alpine  System,  pointing  out  that  the  Swiss-FrBUoh 
Plain  flanking  the  Western  Alps  presents  the  same  essential  featursi 
of  structure,  in  relation  to  the  Western  Alps  on  its  east  side  and  the 
French  Jura  Mountains  on  its  west,  as  those  that  she  has  elucidated 
for  the  Rhine-Tioino  cross  segment.  She  consequently  interprati 
the  strike-ourve  round  the  west  formed  by  the  Jura  Mountains  and 
the  ranges  of  Dauphin6  as  the  outermost  peripheral  plicational 
system  in  the  Alps,  showing  that  the  whole  region  between  the 
Hungarian  Basin  and  the  ancient  mountain  groups  of  Central  France 
has  been  under  the  influence  of  the  westward  thrust. 

The  general  principle  of  structure  treated  of  ahove — namely,  the 
sagging  of  crust-blocks  by  means  of  normal  faults  towards  bands  or 
localities  of  crust- weakness  or  subsidence,  and  the  reverse  or  over- 
thrust  movements  which  may  take  place  from  within  these  bands  or 
localities — is  that  which  the  authoress  demonstrated  in  the  Dolomite 
Massives  in  1893,  and  has  ever  sinoe  advocated  6is  a  leading  principle 
in  the  interpretation  of  Alpine  structures,  the  important  considera- 
tion being  that  where,  as  in  the  Alps,  the  principle  is  applicable  in 
relation  to  two  intersecting  axes  of  deformation,  the  phenomena  pro- 
duced must  necessarily  be  of  the  nature  of  '  interference  phenomena.' 

A  leading  feature  of  the  paper  is  the  evidence  that  it  affords  of 
dififerential  rates  of  movement  in  different  parts  of  a  thrust-mass,  or 
fault-block  undergoing  horizontal  displacement,  both  in  respect  of 
the  laterally  adjacent  parts  of  a  thrust-mass  and  also  of  the  subjacent 
layers.  The  writer's  maps  and  sections  show  that  the  actual  de> 
formations  which  characterize  a  thrust-mass  have  a  different  direction 
of  strike  on  either  side  of  an  axial  band  of  maximum  horizontal  dis- 
placement; for  example,  if  the  horizontal  movement  of  a  thmst-mass 
IS  westward,  the  deformational  phenomena  (faults,  folds,  etc)  in  the 
western  front  of  the  thrust-mass  curve  on  the  north  side  towards 
some  S.W.-N.E.  or  W.8.W.-E.N.E.  direction,  and  on  the  south  side 
towards  some  N.W.-S.B.  or  W.N.  W.-E.S.B.  direction.  The  authoress 
interprets  these  observations  on  the  basis  of  the  deflection  of  the 
general  movement  of  the  thrust-mass  by  the  strains  set  up  between 
Uie  axial  region  of  maximum  horizontal  displacement  and  tiie  latenl 
regions  where  frcm  an^  canae  vVia  borizontd  displacement  is  leas. 
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Another  fiMitnre  which  may  be  mentioned  is  her  deaoription  of 
several  examples  in  the  Dolomites  where  there  had  apparently 
been  a  local  reyersal  of  the  regional  westward  movement,  and  her 
referenoe  to  the  familiar  examples  of  eastward  oyerthrosts  in  the 
Jodioarian  district,  and  on  the  eastern  and  south-eastern  front  of 
the  grander  mountain  massives  of  the  Swiss  and  French-Italian 
Alps.  While  each  individaal  case  demands  special  examination,  she 
indioates  an  explanation  that  satisfies  certain  cases  which  she  has 
examined.  At  localities  where  the  base  of  the  thmst-mass  is  open 
to  inflows  of  igneous  rock,  the  igneous  material  may  ascend  and  be 
carried  onward  with  the  gliding  mass,  undergoing  consolidation 
during  the  movement,  and  inducing  contact  changes  in  neighbouring 
rook  material.  After  consolidation  of  such  igneous  inflows,  they 
present  resisting  bodies  within  the  thrust-mass,  which,  in  the  same 
way  as  any  massive  developments  of  hard  sedimentary  material, 
impede  the  advance  of  rock  material  in  the  same  direction  as  before. 
«nd  thus  cause  local  deflections.  The  tendency  is  for  the  material  of 
the  thrust-mass  to  be  strongly  plicated  and  faulted  as  it  is  driven 
against  any  such  resisting  body,  widening  out  in  a  direction  roughly 
parallel  with  the  resisting  mass,  and  piling  up  the  material  in  front 
to  such  an  extent  that  local  reversal  of  the  direction  of  overlapping 
la  produced. 

2.  "The  Influence  of  Pressure  and  Porosity  on  the  Motion  of 
Sub-Surface  Water."  By  William  Balph  Baldwin- Wiseman,  M.Sa, 
Assoc.  M.  Inst  C.  E.,  F.6.S. 

The  author  commences  the  paper  with  a  brief  historical  summary 
of  the  researches  which  have  been  conducted  since  1830  on  the 
motion  and  behaviour  of  underground  water,  more  especially  dealing 
with  tlie  question  of  sub-surface  flow  and  the  delimitation  of  cones 
of  depletion. 

In  the  second  part  of  the  paper,  in  discussing  the  influence  of 
the  porosity  of  a  rock,  on  the  rate  of  flow  of  water  through  it,  he 
describes  in  detail  the  variations  in  porosity  which  may  occur  in 
restricted  areas  of  the  same  rock,  due  to  superincumbent  pressure, 
faulting,  and  the  intrusion  of  dykes,  illustrating  the  various  points 
with  data  collected  in  the  field.  He  also  discusses  and  describes 
experiments  on  the  rate  of  desiccation  and  soakage  of  various  rooks. 

He  then  describes  a  lengthy  series  of  laboratory  experiments, 
whioh  he  conducted  with  specially  devised  apparatus  of  his  own 
design  to  afford  a  constant  pressure  and  to  eliminate  all  possible 
enon  due  to  lateral  flow,  and  in  which  he  demonstrates  that  there 
is  not  a  uniform  relation  between  flow  and  pressure  in  various  rocks 
over  a  considerable  range  of  pressure,  and  discusses  the  various 
phenomena  which  were  manifested. 

In  the  third  portion  of  the  paper  he  describes  the  various  attempts 
at  determining  the  range  of  the  cone  of  depletion  in  various  strata, 
and  then  proceeds  to  outline  a  method  based  upon  an  experimental 
determination  of  the  variation  of  internal  pressure  in  a  rock  mass 
when  oharged  with  water  and  subjected  to  a  considerable  dififorenoe  of 
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Eressare  on  the  two  faces ;  and  in  farther  elaboration  of  the  theory, 
e  outlines  a  method  of  estimating  the  percentage  interference  of 
two  contignoas  wells  in  the  same  strata. 

In  the  concluding  portion  of  the  paper  he  disonsses  data  collected 
during  Tarious  hydrological  surveys,  and  points  out  the  influence  of 
surface  configuration  and  stratigraphical  sequence  on  the  sub-surface 
water  contours. 

The  next  meeting  of  the  Society  will  be  held  on  Wednesday, 
November  7th,  1906. 


PROFESSOR   J.    F.    BLAKE,    M.A.,    F.G.S. 

With  deep  regret  we  have  to  record  the  death  of  this  well-known 
geologist,  which  occurred  on  Saturday,  7th  July,  in  his  67th  year, 
at  35,  Harlesden  Gardens,  N.W. 

We  shall  give  some  account  of  his  life  and  writings  in  our 
September  number. 

GEORGE   FREDERICK   HARRIS,    F.G.S. 

We  have  to  announce  the  loss  of  another  able  geologist  and 
contributor  to  this  Journal.  Mr.  George  Frederick  Harris,  F.G.S., 
who  died  on  16th  July  at  his  residence,  20,  Parohmore  Road, 
Thornton  Heath,  Surrey,  after  prolonged  illness,  was  one  of  the 
founders  of  the  Malacological  Society  of  London,  and  served  the 
office  of  Treasurer  for  some  time ;  he  also  contributed  several  papers 
to  its  Proceedings.  He  was  for  nearly  20  years  Lecturer  on 
Geology  at  the  Birkbeok  College. 

We  shall  give  a  fuller  account  of  Mr.  Harris's  life  and  work  in 
the  September  number. 

PERCY   EMARY,    F.G.S., 

Honorary  Secretary  of  the  Geologists'  Association,  Assistant  Lecturer  on  Geology  to 

the  Birkbeck  College. 

Thb  unexpected  death  of  this  young  and  most  eneigetic  geologist, 
who  for  nine  years  filled  the  office  of  Secretary  to  the  Geologists' 
Association,  took  place  on  May  25th,  after  only  a  month's  illness,  at 
20,  Turle  Road,  Tollington  Park,  N. 

His  work  for  the  Geologists'  Association  was  of  the  greatest 
value,  and  by  his  early  decease  he  leaves  a  widow  but  very 
inadequately  provided  for.  In  recognition  of  his  services  to  science, 
a  Fund,  to  be  called  "  The  Percy  Emary  Fund,"  is  being  raised  by 
geologists  and  others  for  Mrs.  Emary's  benefit ;  and  Mrs.  R.  8. 
Herries,  24,  Gloucester  Street,  Belgrave  Road,  S.W.  (wife  of  the 
President  of  the  (Geologists'  Association),  has  consented  to  act  as 
Treasurer  and  receive  subscriptions.  Miss  Mary  C.  Foley  (51,  Elm 
Park  Mansions,  Park  Walk,  Ohelsea,  S.W.)  is  acting  as  Secretary. 
Cheques  and  postal  orders  should  be  made  payable  to  "The  Peror 
Emary  Fund/'  and  crossed  <'  Lloyds'  Bank,  Belgrave  Road  Brancb/' 
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I. — The  Carbonifbrous   Suoobssion  bblow  the  Coal-M-baburbb 
IN  North  Shropshirb,  Dbnbiohbhirb,  and  Flintshirb.^ 

Bj  Whulton  Hind,  M.D.,  B.Sc,  F.B.C.S.,  F.O.S.^and  John  T. Stobbs,  F.G.S. 

(With  Plates  XXI  and  XXil  and  five  Woodcuts.) 

1.  Imtroduotion  :  Dbboription  of  the  Arba  Examinbd. 

IT  requires  bat  little  imagination  to  oonoeive  that  a  very  slight 
Bubtidence  of  tbe  country  in  North  Wales  lying  between  the  Vale 
of  Clwydd  and  the  estuary  of  the  River  Dee  would  convert  it  into 
a  peninsula  consisting  of  Carboniferous  rocks  skirting  to  the  north,  and 
to  the  east  a  strip  of  Silurian  ground.  The  backbone  of  this  peninsula 
is  composed  of  Lower  Carboniferous  rocks,  forming  the  high  range 
which  starts  from  the  hold  cliffs  that  border  the  sandy  flats  of 
the  north  shore  of  Flint  from  D)^8erth  to  Talacre.  Stretching 
Houtbwards  by  way  of  Halkyn  Mountain,  Moel  Findeg,  Nerquis 
Mountain  to  Minora  and  Llangollen,  this  range,  in  the  main,  forms 
an  anticline,  off  whose  eastern  flanks  the  higher  divisions  of  the 
Carboniferous  system  dip  in  natural  sequence  towards  the  River  Dee. 
Rising  up  from  beneath  the  Vale  of  Clwyd<l,  the  Lower 
Carboniferous  rocks  reappear  to  the  west,  from  the  north  ooast  at 
Colwyn  Bay,  Colwyn,  and  Llanduhis  to  south  of  Ruthin,  and  in  this 

*  This  paper  was  read  at  the  Geolo^cal  Society  on  April  4th,  1906.  Subsequently 
the  Publication  Committee  notified  us,  that  unless  we  were  prepared  to  omit  all  separate 
lists  of  fotfsils,  and  show  their  distribution  in  one  large  table  at  the  end  of  the  paper,  they 
could  not  recommend  the  paper  for  publication.  As  the  main  object  of  tne  pa]>er  is 
to  work  out  the  palieontological  succession,  and  as  wc  CHtabliuh  five  life  zones,  we  felt 
strongly  that  such  a  course  was  unfair  to  us  as  autliors,  that  it  would  render  the 
paper  useless  to  those  who  went  over  the  ground  with  it.  We  could  not  conceive 
a  satisfactory  table  which  would  clearly  indicate  five  zones  from  some  hundreds  of 
species  collected  from  some  sixty  localities.  As  copious  fossil  lists  hud  been  published 
in  Tery  recent  papers  iu  the  Quarterly  Journal  on  Carboniferous  zones  in  other 
localities,  we  demurred  to  the  differential  treatment  and  withdrew  our  paper  under 
the  conditions  required.  The  paper  is  iu  the  exact  form  in  wliich  it  was  read  at  the 
Oeoiogind  Society,  with  the  addition  of  a  discussion  on  the  horizon  of  the  cherts, 
the  interpolation  being  plainly  indicated. 
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area  some  of  the  seotions  disclose  tbe  unoonformity  between 
Carboniferous  and  Silurian  rooks.  An  interesting  outlier  of 
Carboniferous  Limestone  also  oocurs  at  Corwen.  All  tbe  exposures 
examined  by  us  will  be  observed  to  lie  in  the  counties  of  Salop, 
Denbigh,  and  Flint,  with  the  exception  of  tbe  district  of  Llysyaen, 
which  is  part  of  Carnarvon. 

Usually,  the  best  facilities  for  collecting  were  afforded  by  the 
numerous  quarries  which  are  being,  or  have  been,  worked  for  road 
metal,  iron  manufacture,  lime,  cement,  chert,  or  building  stone. 

The  natural  exposures  of  Carboniferous  Limestone  forming  the 
picturesque  contours  of  the  hills  are  so  completely  oovered  with 
lichen  growth  that  the  fossils  are  totally  obscured,  and  thus  for  tbe 
purposes  of  systematic  collecting  they  are  not  nearly  so  belpfal  as 
at  first  sight  they  might  seem  to  promise.  In  the  series  of  rooki 
overlying  the  Carboniferous  Limestone  the  exposures  and  quarriei 
are  comparatively  rare,  and  all  those  examined  by  us  occur  in  the 
tract  of  country  to  the  north  and  east  of  Halkyn  Mountain  in  tbe 
county  of  Flint.  At  certain  horizons  the  fossils  were  very  abundant, 
and  were  of  diagnostic  value.  The  Carboniferous  sequence  of  this 
district,  worked  out  by  the  aid  of  palsBontological  data,  has  been 
a  much  simpler  affair  than  was  anticipated.  It  is  not  proposed  in 
this  paper  to  do  more  than  indicate  the  main  lines  along  which  this 
interpretation  has  been  developed  ;  there  is  yet  an  immense  amoont 
of  labour  required  in  order  to  fill  in  the  intdVvening  details. 

2.   A  Cbitioal  Account  of  Previous  Qrolooioal  Rkskaboh  in  the 

Cakbonifkrous  liooKS  OF  North  Walks. 

Much  attention,  during  many  years,  was  devoted  to  the  study 
of  the  Carboniferous  suoceKsion  in  North  Wales  by  the  late  Geo.  H. 
Morton.  His  various  publications  extend  over  the  period  from  1869 
to  1901,  when  a  posthumous  paper  on  ''The  Carboniferous  Limestone 
of  Anglesey"  was  edited  by  his  daughter. 

His  work  was  all  done  on  palsBontoIogical  lines,  but  unfortunately 
he  did  not  recognise  any  method  for  the  establishment  of  life  zones 
in  the  Carboniferous  rooks  of  North  Wales.  Eventually  he  estab- 
lished a  subdivision  of  the  series  founded  on  the  oolour  of  the 
limestones.  One  of  us  had  the  opportunity,  some  years  ago,  of 
examining  the  very  carefully  labelled  fossils  in  his  collection,  the 
majority  of  which  are  now  in  the  Natural  History  Museum,  Cromwell- 
road,  South  Kensington. 

All  Morton's  papers  contain  elaborate  lists  of  fossils,  an  examina- 
tion of  whioh  demonstrates  that  he  recognised  the  important  fact 
that  certain  beds  in  various  localities  had  a  similar  fauna. 

His  writings  also  make  it  very  obvious  that  he  had  doubts  as  to 
the  correlation  of  the  peculiar  calcareous  grits,  which,  in  the  south 
of  Flintshire,  Llangollen,  Sweeney,  and  Oswestry  Racecourse,  succeed 
or  replace  tbe  purer  limestones.  There  is  no  doubt  that,  to  some 
extent,  Morton  had  certain  broad  palseontological  evidence  for  his 
subdivision  of  the  thick  limestone  of  North  Wales  into  Upper  Grey, 
Middle  White,  and  Lower  Brown,  but  he  did  not  emphasize  the  facL 
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The  ohoioe  of  the  terms  is  indefinite,  for  it  would  lead  one  to  expect 
the  existence  of  a  Lower  Grey  and  an  Upper  Brown.  As  far  as  the 
nomenclature  goes,  it  would  have  heen  much  simpler  to  have  inserted 
the  word  'or'  hetween  the  horizon  and  its  indicative  colour. 

Moreover,  the  beds  which  lie  on  the  Upper  Qrey  Limestone  he 
unfortunately  termed  'Upper  Black  Limestone,'  and  to  this  the  great 
source  of  error  in  the  conception  of  the  sequence,  which  the  officers 
of  the  Greological  Survey  accepted  from  him,  is  almost  entirely  due. 
There  are  two  or  more  horizons  in  North  Wales  at  which  Black 
Limestones  occur,  just  as  obtains  in  Derbyshire,  each  of  which  is 
obaracteriaed  by  a  totally  dififerent  fauna. 

The  lower  set  of  Black  Limestones  is  worked  for  hydraulic 
cement,  and  is  locally  misnamed  'Aberdo'  Limestone.  They  are 
oharaoterised  by  a  fauna  typical  of  the  uppermost  beds  of  the 
Carboniferous  Limestone,  and  contain  such  characteristic  fossils  as 
Produetus  giganleus,  Lonsdttleia  rugosa,  L.  Jloriformis,  Oyathophyllum 
reginm,  Ampleoci-zaphrentiB  sp.,  and  Cyaihaxonia  sp.  lliese  corals  are 
only  known  in  be<ls  which  form  the  uppermost  division  of  the 
Dibnnophyllum  zone  of  the  south-west  of  England. 

The  other  set  of  Black  Limestones  do  not  yield  a  hydraulic  lime, 
have  peculiar  physical  characters,  weather  and  fracture  in  a  manner 
altogether  dififerent  from  the  '  Aberdo '  stone,  and  contain  a  typical 
Pendleside  fauna,  Plerinopecten  papyraeeus,  Poaidonomya  Uecheri, 
which  at  once  definitely  determines  the  age  of  the  btnls  to  be  later 
than  the  Carboniferous  Limestone  Serit^s,  and  therefore  the  equivalent 
of  the  Pendleside  Series  of  the  Midlands.  Mr.  Morton's  liHts  show 
that  he  recognised  the  fact  that  Cyathophyllum  regium  and  Lonsdalna 
flori/orrnxB  only  occur  in  the  Upper  Grey  Limestone  in  every  locality 
which  he  examined. 

Another  important  horizon  seems  to  be  indicated  from  Morton's 
lists.  The  base  of  the  Lower  Brown  Limestone  is  characterised  by 
the  presence  of  that  peculiar  shell  Daviesiella  (Produetus)  Llangol- 
len$ia,  which  appears  under  the  name  of  Productna  comoides  in  his 
lirtts.  We  found  these  two  important  facts  of  distribution  to  be 
universally  true. 

The  Middle  White  Limestones  we  found  to  be  characteriHed  by 
the  presence  of  Dibunophyllum  0  and  Cyathophyllum  Murchinoni, 
fossils  which  indicate,  in  the  Bristol  area,  the  lite  zone  which 
immediately  underlies  the  Lonsdaleia  bed^.  These  two  life  zones 
have  been  named  by  Dr.  Vaughan  the  Upper  and  Lower  DihunO' 
phyllum  zones  respectively.  To  a  certain  extent,  therefore,  Morton's 
division  of  the  Limestone  Series  of  North  Wales  does  correspond 
with  that  indicated  by  the  paladontological  Kiiccession. 

The  Lower  Brown  Limestone  is  the  lowest  member  of  the  series 
in  North  Wales,  excepting  the  basement  conglomerate,  when  pn»stMit, 
and  appears  to  correspond  with  the  junction  of  the  Upper  Seminnia 
and  Lower  DibuHophyllum  beds  of  the  Bristol  area.  The  Middle 
White  Limestones  are  practically  tlie  equivalents  of  the  Lower 
Dibunophyllum  zone  of  Bristol,  but  probjibly  a  portion  of  the  Upper 
Grey  measures  belong  to  this  division.     Part  of  the  Upper  Gre^^  ^h^ 
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Upper  Black  (in  part),  and  posHibly  some  of  the  cherts  equal  tlie 
Upper  Dibunophyllum  zone  of  Bristol;  while  the  Black  Limestone 
and  Shales  of  Teilia,  Holywell,  and  Baggilt  are  the  homotaxial 
equivalents  of  the  Pendleside  Series. 

Morton  classiGed  all  the  beds  which  occur  between  the 
Carboniferous  Limestone  and  the  Ooal-measnres  as  Cefn  y  Fedw 
Sandstone.  He  acknowledged,  in  various  writings,  his  doubts  as  to 
the  exact  correlation  and  homotaxial  equivalents  of  the  several 
members  of  the  series.  The  base  and  the  top  of  the  series 
unfortunately  are  very  variable  from  north  to  south,  owing  to  tlie 
peculiar  and  rapid  lithological  changes  which  the  upper  beds  of  the 
Oarhoniferons  Limestone  Series  undergo  in  this  direction,  and  also  to 
the  fact  that  the  Pendleside  Series  overlying  the  limestone,  although 
1,000  feet  thick  at  Holywell,  and  the  Qwespyr  Sandstone  Series, 
800  feet  thick,  have,  if  represented  near  Llangollen,  thinned  out 
to  a  very  few  feet.  Further,  Mr.  Morton  did  not  recognise  that  the 
Fosidimomya  Becheri  Limestones  of  Teilia  and  Holywell  belonged  to 
the  same  palseontological  series,  and  classed  the  latter  as  Coal- 
measures,  in  spite  of  their  fossil  contents. 

Morton,  however,  recognised  the  important  fact  that  the 
basement  conglomerate  did  not  necessarily  indicate  the  base  of  the 
Carboniferous  Limestone  in  aviy  but  a  very  local  sense,  and 
that  these  beds  were  the  true  equivalents  of  beds  fnirly  high  in  the 
sequence  elsewhere.  His  carefully  detailed  work  and  estimates  of 
thicknesses  have  been  of  great  help  to  us,  and  with  most  of  hit 
palseontological  work  we  are  in  accord.  A  very  serious  error  was 
made  by  Mr.  Walker  (Proo.  Chester  Soc.  Nat.  Sci.,  p.  9,  1878)  in 
referring  to  tlie  Holywell  shales  as  the  equivalent  of  the  Lower  Coal- 
measuien  of  Lancasliire,  a  mistake  unfortunately  adopted  by  the 
Survey,  who  state  on  p.  G2  of  the  Memoir  (op.  cit.  sup.)  : — "  The 
Holywell  shales,  which  run  through  the  country  and  form  a 
convenient  base  tor  the  Lower  Coal-measures,  resemble  some  black 
shales,  with  bands  or  nodules  of  argillaceous  limestone,  which  occur 
in  the  Lower  Coal-measures  of  Lancashire,  and  contain  a  similar 
fauna,  composed  chiefly  of  Posidonomya,  Aviculopecteu,  Goniatile$, 
JJellerophon,  coprolites  of  fish  and  plant  remains."  The  absence  of 
specific  determinations  renders  this  argument  of  very  little  value. 
Unfortunately  for  their  point  of  view,  Posidonomya  (Becheri)  does 
not  occur  in  the  Coal-measures.  The  Qoniatites  are  Lower  Pendleside 
forms,  and  the  plants  are  not  Coal-measure  species. 

Moreover,  the  Holywell  shales  are  below  the  Gwespyr  Sandstone, 
which  is  the  equivalent  in  North  Wales  of  the  Millstone  Grit.  The 
thickness  of  this  sandstone,  about  300  feet,  should  have  openeil  the 
eyes  of  anyone  who  knew  the  Lower  Coal-measures  of  Lancashire  or 
the  Midlands,  where  a  sandstone  at  all  approaching  that  thickness  is 
unknown.  Moreover,  Morton  shows  that  the  Gwespyr  Sandstone 
has  a  matrix  of  decomposed  felspar  similar  to  the  1st  or  Roaches 
Grit  of  North  Staffordshire.  As  far  as  we  know,  felspar  is  not 
present  in  thin  inainer  in  any  known  Coal-measure  sandstone.  The 
njistakeu    correlation    ought    not    to    have    occurred,    ou    purely 
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lithological  gronnda.  Nowhere  in  the  Coal-moa8ureH  of  the  Midlands 
or  fiftncHshire  does  1,000  fet»t  of  barren  meofinreH  occur  in  tlie  Lower 
Coal-measures  free  from  workable  coal-seams;  the  nilHtake  would 
have  been  impossible  if  adequate  study  had  been  made  of  the  fossils. 
Apparently  the  correlation  was  made  simply  on  fossil  evidence,  but 
it  cloes  not  appear  that  any  steps  were  taken  to  officially  check  the 
accuracy  of  the  views  propounded.  In  "  The  History  of  the 
Pari»be«  of  Whiteford  and  Holywell"  (1796),  Thomas  Pennant 
gives  very  clearly  the  relation  of  these  shales  to  the  limestone  in  this 
district :  "  The  Holywell  level  was  begun  in  1774  .  .  .  the 
entrance  into  the  work  (was)  in  Coed  Cae  Dentir,  a  field  belonging 
to  Sir  Pyers  (Mostyn)  on  the  north  side  of  a  small  dingle  opening 
into  the  road  opposite  to  the  great  cotton  factory  .  .  .  l^he 
first  forty  yards  •  .  .  was  arched  with  stone  .  .  .  when 
the  arch  ceased  the  roof  was  the  natural  rock  of  that  species 
cdled  shale  .  .  .  After  passing  in  the  shaley  stratum  about  two 
hundred  and  twenty-iiz  yards  we  find  it  is  succeeded  by  that  of 
Chert,  at  which  spot  the  level  enters  my  ground  in  the  fi«ld  call(>d 
Coed  Cae  Norfa.  There  the  height  to  the  surface  is  eighteen  yardn. 
.  •  •  The  Chert  continues  to  a  little  beyond  the  turnpike  road, 
when  we  again  enter  tlie  land  o(  Sir  Pyers  Mostyn  in  a  field  called 
Brocknallt,  where  it  stops.  Hitherto  the  level  has  preserved 
a  strait  course,  but  in  this  field  (where  the  lime-stone  stratum 
begins)  it  turns  and  is  continued  to  the  end  of  the  present  working 
about  five  hundre<l  yards  "  (pp.  249-250). 

An  excellent  bibliography  on  the  Geology  of  Denbighshire  and 
Flintshire  is  to  be  found  in  the  Memoir  of  the  Geological  Survey, 
•*The  Geology  of  the  Coasts  adj<»ining  Rhyl,  Abergele,  and  Colwyn," 
1885,  drawn  up  by  Mr.  W.  Whitaker,  and  only  slight  additions  arc 
necessary. 

1885.  A.   Strahan.  **  The  Geology  of  tho  Coafits  adjoining  Rhyl,  Ahcr^jclo,  and 

Colw)Ti";  Mem.  Geol.  Surv. 

1886.  G.  H.  Morton,  **Carbouiferous  IJmestone  and  Cefn  y  Fo^iw  Sandstono  of 

Flintshiro":  Proc,  Liverpool  Geol.  Sop.,  n^priiit  in  vol.  i,  jij).  1  7S. 

1887.     **The  Microscopic  Characters  of  the   Celu  y  Fudw   SandHtnne  of 

Denbighshire  and  Flintshire'*:    Proc.   Liverpool  Geol.    Soc.,  vol.   v, 
pp.  271-280. 

**  Note  on  Carboniferous  Limestone  Fi.**hes  of  North  Wales  *' :  il)id., 

vol.  V. 

**  On  the  Discovery  of  Sponge  Sp^'ulcs  in  the  Chert  Be«ls  of  Flint- 
shire "  :   Proc.  Liverpool  Iholojrical  So(;.,  v<»l.  i,  j).  Gl*. 

"Carboniferous   Limestone  of  North    Flintshire":     Geol.    Mao., 


Dec.  Ill,  Vol.  IV,  p.  120. 

1889.  R.  Kidston,  *M)n  some  Fossil  Plants  from  Teilia  QuaiTy  "  :    Trans.  Rr>y. 

Soc.  Edin.,  vol.  xxxv,  p.  419. 

1890.  A.  Strahan  &  C.  E.  De  Ranee,  **The  Geolonry  of  the  Neighbourhoods  of 

Flint,  Mold,  and  Kuthin  "  :  Mem.  Geol.  Surv. 
O.  H.  Morton,  •'  The  Geology  of  the  Country  round  Liverpool,  includinj^ 

the  North  of  Flintshire,"  pp.  287. 
1897.     **The  Range  of  Species  in  tho  Carhonilerous  Limestone  of  North 

Wales'' :  Gkol.  Mao.,  Dec.  IV,  Vol.  IV,  p.  1.S2. 
1897-8.     **The  Carboniferous  Lime8t(me  of  the  Vale  of  Clwyd'':    Proc. 

Liverpool  Geol.  Soc. 
1901.     **  The  CarboniferoiLs  Linie^'me  of  .\n';;\cse\  "  :  \\uv\. 
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3.   Description  of  the  most  impobtant  Sbotions. 

For  the  sake  of  olearoess,  the  exposures  of  the  Carboniferous 
LiiiieHtone  have  been  described  according  to  their  topographical 
ari'Hngemeut  rather  than  in  their  geological  sequence.  In  this  way, 
whore  several  fossil  horizons  occar  at  any  one  locality,  they  have  all 
been  taken  together  as  making  up  one  section ;  the  correlation  of 
the  individual  horizons  is  dealt  with  in  a  later  portion  of  this  paper. 
It  has,  however,  been  found  possible  to  treat  the  exposures  in  the 
Fendleside  Series  in  their  geological  sequence,  because  of  the  acci- 
dental fact  of  each  section  being  limited  to  one  zone,  which  has 
enabled  us  to  do  this  without  involving  any  repetition  or  oomplicating 
the  deRcriptioii  as  between  horizon  and  locality. 

Owing  to  the  difficulty,  in  this  sparsely  populated  district,  in 
indicating  localities  with  sufficient  precision  by  reference  to  topo- 
graphical names  (which,  by  the  way,  are  often  subject  to  alteration), 
we  have  frequently  resorted  to  their  definition  in  terras  of  latitude 
and  longitude,  as  marked  ofif  on  the  ''  1  inch  Ordnanoe  Maps," 
believing  that  this  is  the  only  way  (unless  personally  conducted) 
in  which  other  field  geologists  can  in  many  instances  locate  the 
collecting-ground  with  tolerable  certainty. 

(a)    Carboniferous  Limestone. 

(i)  The  romantic  coast  scenery  in  the  neighbourhood  of  Llandulas 
is  due  to  the  irregular  weathering  of  the  Carboniferous  Limestone 
forming  the  hills.  The  dip  of  the  beds  northwards  to  the  sea  may 
be  beautifully  seen  in  the  series  of  long,  parallel  scars  on  both  sides  of 
the  valley  of  the  River  Dulas,  which  has  cut  its  way  through  the  thick 
limestones.  Ffernant  Dingle  was  visited  by  us,  but  we  have  nothing 
to  add  to  its  description  by  Mr.  A.  Strahan,  F.R.S.,  in  the  Geological 
Memoir  of  that  district.  At  Llandulas,  in  a  quarry  by  the  roadside 
at  the  foot  of  Cefn  hill  (lat.  63^  19'  5"  N.,  long.  3°  37'  50"  W.).  one 
of  the  limestones  is  characterised  by  the  abundance  of  Daviesiella 
Llangollensis  (Dav.).  A  little  higher  in  the  series  another  limestone 
bed  contained  great  numbers  of  Seminula  aff.  ^at(iea,  Vanghan.  On 
the  south  side  of  the  hill,  and  south  of  the  scattered  village  of 
Llysvaen  (lat.  63°  16'  20"  N.,  long.  3°  38'  40"  W.),  almost  level  with 
the  road,  a  Froduclus  Limestone  may  be  seen,  oontaining — 

Productm  afp.  Cora  (mut.  Dj),  Yanghan. 

P.  aff.  Cora  (mut.  S2),  Vauphan. 

P.  heiniapherictvt^  approaching  in  some  characters  P.  Cwa. 

P,  hemvupherietiM,  I*nill. 

Following  the  same  road  further  to  the  west,  towards  Bwlch-y- 
gwynt,  a  rather  sandy  limestone,  with  quartz-nodules,  occurs 
somewhat  higher  in  the  series,  with  — 

Cyathophyllwn  Murchisoniy  E.  &  II.     (Very  common.) 
Koninckophyllid — Cyathophyllum. 
Lif hotttrotion  aff.  Martini^  E.  &  H. 
iSi/ruiffopora  cf.  distaus^  Fischer. 
Chottetct  papUiftnacca^  Vhill.     (Common.) 
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Above  the   preoeding   horizon   is  a  very  pure   white  limestone, 
containing — 

ChoneUt  papiliotuteeaf  mil,     (Very  common.) 
JSuomphalut pentanpulatut.  Sow.     (Common.) 

(ii)  On  the  east  side  of  the  Vale  of  Clwydd,  near  the  western 
base  of  Moel  Hiraddu^,  at  a  quarry  between  Pentre-owm  and 
Pentre-bach,  the  so-oalled  'basement  heds'  (of  the  Geological 
Survey)  are  exposed,  whioh  here  consist  of  alternating  limestones 
and  soft  oaloareoos  sandstones.     The  following  list  was  obtained : — 

ilaphr^ntit'WLe  Coral. 

AthffrtM  ixpan$a,  Phill. 

ChoneUs  papilumaeeat  Phill.     (Convex  form.) 

Glioth^it  gUOrutria  (Phill.). 

Produetut  sp. 

Seminula  ntt.JIcoideaf  Vaughan.    (Very  common  in  one  bed.) 

Spirifer  sp. 

ArehtfOBtgiUafia  Vanuxemi  (Gopp.). 

Other  plant-remains  with  Spirorbit  attached. 

The  importance  of  this  section  lies  in  the  abundance  of  Semintda 
fieoidea,  whioh  fixes  the  horizon  in  the  series.  The  discovery  of 
ArehBoeigiUatia  Vanvxemi,  which  was  fairly  common  in  the  plant- 
bed,  is  of  more  than  ordinary  interest,  since  it  has  only  been 
recorded  hitherto  "  from  the  lower  beds  of  the  Mountain  Limestone 
in  the  neighbourhood  of  Shap  Toll-Bar,  Westmoreland/'  ^  and  in 
that  instance  the  horizon  and  locality  are  both  somewhat  vague ; 
we  are  now  able  to  give  these  particulars  for  the  new  find  with 
precision. 

(iii)  In  the  next  quarry,  nearer  to  Dysertb,  and  10  feet  above  the 
very  thick  bed  of  white  limestone  seen  in  its  southern  end,  we 
ooUected — 

IHbunophyllum  sp. 

AthyriM  expama^  Phill. 

Ch<mete9  papilionacea^  Phill. 

Spirifer,     (With  few  thick  and  deep  angular  ribs.) 

Buomphalua  sp. 

Fucoid  (?). 

(iv)  Beds,  higher  in  the  series  than  the  preceding,  are  exposed  in 
a  large  quarry  at  Dyserth,  bordering  the  south  side  of  the  New- 
market road,  and  in  those  constituting  the  floor  of  the  quarry  we 
obtained — 

Cyaihophyllum  Murehisoniy  £.  &  H. 

Dibunophyllum  sp. 

ChoneUt  papilionaeMf  Phill. 

C,  papilionaeea,  Phill.     (Convex  variety.) 

Prodttetui  hemUpherieus,  J.  Sow. 

Martima  glabra  (Mart.). 

(v)  A  smaller  quarry  is  being  worked  near  Meliden  (lat. 
53°  18'  60"  N.,  long.  3°  24'  30''  W.),  where  the  beds  may  be  observed 
dipping  north  at  50°.  On  account  of  the  high  dip  comparatively 
few  beds  are  exposed,  but  these  are  very  fossiliferous,  as  may  be 
supposed  from  an  inspection  of  the  following  list : — 

»  K.  Kidston:  Trans.  Nat.  Hist.  Soc.  Glagow  (1899),  \j.  40. 
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Amplexus  flp. 

DensiphyUutn  sp. 

Camarotoeehia  pUurodon  (Phill.). 

Dielasma  htutata  (Sow.)* 

Martinia  glabra  (Mart.). 

Frodttcttu  aettleatus  (Mart.). 

P.  Cora,  D'Orb. 

P.  elegans, 

P.Jlmbriatuiy  Sow. 

P.  gigantetu  (Mart.). 

P.  hsmitpherictUj  J.  Sow. 

P.  latiMtimuSf  J.  Sow. 

P.  Martini. 

P.  pUeatUiMy  Sow. 

P.  punetatus  (Mart.).    (Common.) 

P.  •eabriculut  (Mart.). 

P.  temir$ticulatu*  (Miirt.). 

P.  tpinulotut.  Sow. 

P.  itriatut,  Fischer. 

P.  undatuSf  Defrance. 

Fugnax  pugnut  (Mart.) . 

Betieularia  Uneata  (Mart.^. 

Bhynehonella  angulatay  Linn. 

BiBulcate — Spirtfer  (homGoomorphle  with 

S,  elathratus). 
Spirtfer  bitulcatutf  Sow. 


S.  planicostaia,  M*Coy. 

S.  pittgttiM  (?),  Sow. 

S.  BtrifttuB  (Mart.).     (Vcur?  larg«.) 

AvieulopeeUnJimbriatvt  (rhill.j. 

Conocaidium  atifwme  (Sow.). 

£dmondia  M'Cogi,  Hind. 

Myalina  or  FuidameUa, 

TaralUlodoH  obtunu  (Phill.). 

Pinna JUbelliformit  (Mart.). 

P.  muiieay  M'Coy. 

Potidcni^lla  vHutta  (Sow.). 

Proto$eh%zodu*  aqtiilaUralit  (M*Coy). 

PaeudamuMium  eUiptieum  (Phill.). 

Pterinopteten  semieireularis^  M*Coy. 

SanguinoUtet  itriatO'lantilloniif  De  Kon. 

SoUnomya  sp. 

Syncychnmna  MrdMi^/WtfM,  Hind. 

(^rtoeertu  sp. 

Olyphioeeroi  ermittria  (PhiU.). 

Orthoem-at.    (Large.) 

Euomphalut  sp. 

StraparoUtu  Dionytii,  Montf. 

CapiUtu  or  PiUopiis, 

NatieoptiB  sp. 

PhiUipHa  sp. 

Petalodont  tooth. 


(vi)  Along  the  main  road  farther  to  the  east,  in  the  large  quarry 
at  the  base  of  the  hill,  nearly  into  the  southern  end  of  Prestatyn, 
the  limestone  beds  are  very  dark  in  colour,  and  are  observed  dipping 
to  the  east.  Those  forming  the  floor  of  the  quarry  are  rather  dis- 
appointing to  the  collector.     The  only  forms  we  observed 

ProduetHs  longispinuif  Sow. 
Martinia  glabra^  Mart. 

A  little  higher  in  the  same  quarry  we  found — 


CampophyUum  Derbiense, 

Zaphrentii  aff .  Ennitkilleni;  Yaughan. 


Fenestella  sp. 

Camarotoeehia  pleurodon  (Phill.). 


Chonetet  papilionaeeay  Phill. 
Produetut,  sp.  nov. 


And  about  8  feet  higher  still  we  noted  a  Frodtidus-hed  with — 

Orthotetes  crenistria  (Phill.). 
ProduetuSy  sp.  nov. 
P.JimbriatuM,  Sow. 

(vii)  In  taking  the  road  from  Prestatyn  to  Gwaenysgor,  at  the 
first  rise  of  the  hill  there  is  an  old  quarry  now  being  filled  np  with 
building  debris,  where  the  following  list  was  obtained  : — 


Productus  cottatm,  J.  Sow. 

P.  plieatiliiy  Sow. 

P.  punetatus  (Mart.). 

Productus.    J^BIegantly  reticulated.) 

P.  striatum,  Fischer. 

Spiriferina  crittatay  Schloth. 

Trilobite. 


Fenettella  sp. 
Chatetes  tumidtts, 
Dibunophyllum  sp. 
Zithottrotion  sp. 
Crinoids. 

Archaocidaris,     (Spine.) 
Athyris  planotulcata^  Phill. 
Orthotetes  crenistria  (Phill.). 

Near  the  top  of  the  section  is  a  Crinoid-bed,  with  Michelinia  tenn- 
sepia  (?)  ;  about  6  feet  higher  up  the  hill  is  a  compact  limestone, 
with  chert  nodules,  containing — 
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LtthoMtroium  Martini^  £.  &  H.  Frodwtut  gigafitttUf  Mart. 

Syringtfpora  sp.  Spirifer  bd. 

Archaocidarit,     TSpine.)  Euomphahu  sp. 
Talaechmm,     (Plates.) 

(viii)  At  the  top  of  the  hill  near  Gwaeny«gor  (lat.  63°  19'  25"  N., 
long.  3°  23'  20"  W.)  there  is  a  disuse^l  quarry,  ooutaiiiing  a  lime- 
kiln, wliere  the  beds  are  found  dipping  north-east  at  15°,  whioli 
yielded  the  following  fauna: — 

JHbnnophyUum  sp.     (Not  common.)  P.  KemiipherieuM^  J.  Sow. 

LUhoatrottOH  Martini,  £.  &  H.  P.  margftritaeeus,  Phill. 

Zaphientid  Coral.  P.  punetatut  (Mart.). 

Cnnoids.  P.  tetmrHicularit  (Mart.). 

jithyrii  planosuieata,  V}nll,  Fit</nax  acuminata  (M.art.). 

Froductua  aeiUeatus  (Mart.>.  Sehitophoria  retupinata  (Mart.). 

P.,  sp.  noT.  Spirifer  duftlieicottaiua  (P).    (Broad-ribbed 
P.  figantsus  (Mart.).    (Rather  rare.)  form  witn  angular  ribs.) 

Camaroioeehia  pleurodon  (Phill.).  8,  ttriatu*  (Mail.). 

Froduetut  gigantetu  (Maii.)  (var.  Edel'  Spiriferxna  crittata,  Schloth. 

burgm»i9),  Phill.  FiUopHs  sp. 

(ix)  III  a  small  quarry  on  the  left-hand  side  of  the  road  leading 
from  Gwaenysgor  to  Teilia  Farm  we  collected — 

Cyathaxonia.  Spirifer  bS.  bituleatutf  Sow,  (Characteristic 
Crinoids.  of  D,  zone  in  Bristol  area.) 

Froduettu gigantem  (Mart.).  Martinia glabra  (Mart.). 

Fugnax  pugnut  (Mart.).  Spirifer  planieostatw  (variant) .^ 

,  S.  sp.     (Angular-ribbed  form.) 

(x)  An  exposure  at  the  foot  of  the  hill  (on  the  200  feet  contour- 
line),  opposite  the  Nant  Hotel,  Prestutyn,  and  east  of  the  road  from 
that  place  to  Gwaenysgor,  yielded — 

P  Cyathaxonia  sp.  FroductiMjlmbriatuty  Sow. 

JDibunophyllum  sp.  P.  seinireticulata-longi$pinut, 

Choitetes papilionaceaf  Phill.  Martiuia  glabra  (Mart.). 

A  little  further  to  the  south-east,  in  the  wood,  may  be  seen  the 

upper  beds  of  limestone,  with  Froductus  giganteus   (Mart.)   fairly 

common. 

(xi)  In  a  quarry   at  Pentre,   near  Oronant  (see  infra,  Part  II, 

paragraph  xxxv),  there  is  a  magnifioent  section  in  the  chert  beds, 

of  which  there  is  not  less  than  70  feet  exposed.     They  are  largely 

worked  for  *  setts,'  used  in  the  grinding  of  chiuA-stone,  etc.,  for  the 

manufacture  of  pottery.     In  these  cherts  we  observed — 

Froduetue  longiepiniie.  Sow. 
P.  punctatm  (Mart.). 
P.  sp.     (Very  spinose.) 

(xii)  In  an  old,  disused  limestone  quarry  north  of  Axton  Mine  we 

noted — 

Fenestella,  P.  eUfgantt, 

Athyrie  planoBuUata,  Phill.  F,  punctafus  (Mart.). 

Dtelaema  hastata  (Sow.).  P.  Memireticulaltut  (Mart.)* 

Martinia  glabra  (iSifai.) ,  Schizophoria  resuptnnta  (Mart.). 

Froductue giganteuM  (Mart.).  Spirifer  sp.     (With  broad,  angular  folds.) 

This,  probably,  is  the  quarry  referred  to  by  G.  H.  Morton.' 

*  A  similar  variety  occurs  at  Curkeen  accortliug  to  Dr.  A.  Vaughan. 
'  G.  H.  Morton:  Proc.  Liverpool  Geol.  Soc,  vol.  v,  p.  181. 
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(xiii)  A  limestone  quarry  in  the  next  field  to  the  Azton  Mine  is 
being  worked  at  the  present  time,  and  from  it  we  obtained^- 

CyathophyUum  Murehitoni,  £.  &  H.  P.  ieahrieulut  (MaiiO* 

Monticuliporoid  Coral.  P.  Mmirftieulatut  (luit.). 

FentMtella  sp.  Bhynchwulla  sp. 

DUlatma  hattata  (Sow.).  Martinia  glabr: 

Productus  aaileaUu  (Mart.).  Spiriftr  grmulieottmtui^  M'Coj. 

F.  fimbriate ,  Sow.  S,  ttriatut  (Mart.). 

P.  giganUtM  (Mart.).  BslUrophim  sp. 

P.  punctatut  (Mart.). 

(xiv)  At  Trelogan  the  uppermost  beds  of  the  Oarboniferons  Liiiie- 
stone  have  been  very  extensively  quarried,  and  they  are  locally 
known  as  '  Aberdo '  limestone — this  appellation  being  reaerYed  for 
limestones  of  exceptional  value  for  the  production  of  hydimalio 
cement    In  one  of  the  quarries  at  this  place  we  are  fortunately  able 


Horizontals,  about  5^  inches  to  a  mile ;  verticals,  450  feet  to  an  inch. 
Fio.  1. — Diagram- Section  Eastern  flank  of  Ilalkyn  Mountain. 

to  see  the  position  of  the  limestones  in  conjunction  with  the  cherts. 

A  photograph  of  the  section  is  shown  in  Plate  XXL  where  the  erratic 

pinohing-out  of  the  bands  of  black  limestone  may  be  observed. 

The  beds  dip  N.N.E.  at  15^,  forming  the  dip  slope  of  the  hill.     The 

succession  is : — 

Cherts  20  feet + 

Limestone  and  shales  ...     35  feet  + 

The  strata  are  singularly  devoi<l  of  fossils,  although  several  gigan- 
teid  Prodnctiy  P,  costatuB,  and  Cnmpophyllum  Murehisoni  were  seen  in 
the  bed  of  limestone  immediately  below  the  chert. 

(xv)  A  lower  horizon  is  exposed  at  the  surface  at  Garreg,  where 
a  large  quarry  in  white  limestone  is  being  worked  at  the  present 
time  (Ut.  53°  17'  45'  N..  long.  3°  18'  10"  W.).  The  uppermost  bed, 
12  feet  thick,  is  of  a  detrital  character,  consisting  mainly  of  crinoiils. 
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In  the  bed  forming  the  floor  of  the  quarry  the  following  fossils  were 

obtained : — 

Dibunophyllum  sp.  P.  hemi»phericu9^  J.  Sow. 

Crinoids.  Retieularia  lineata  (Mart.). 

Prbduetut  gigantem  (Bfart.).  P  Spirifer  rotundatm^  Sow. 

(xvi)  On  the  eastern  flank  of  Hnlkjn  Mountain  the  upper  beds 
have  been  worked  in  a  series  of  quarries  from  Trelogan  to  Pentre 
Halkyn  for  'Aberdo'  limestone.  The  individual  bt^ds  are  never 
tliiok — 2  feet  or  2  ft.  6  in.  being  the  maximum — and  usually  they 
are  separated  by  thin  shale-bands.  As  we  go  north  the  shale- 
partings  constitute  an  inoreasing  proportion  of  the  sections,  as  may 
be  seen  by  comparing  the  photographs,  Plates  XXI  and  XXII  an<l 
Fig.  1.  One  of  the  quarries  opened  up  in  these  beds  was  examine<l 
at  Gorsedd  (lat.  63°  16'  60"  N.,  long.  3°  16'  10"  W.),  where  the  shales 
and  limestones  were  all  higlily  fossil iferous.  Undoubtedly  the  most 
striking  form,  by  reason  of  its  numbers  and  the  development  of  its 
individuals,  was  Froduetus  gtganteus  (Mart.).  Tlie  full  list  from  this 
quarry  was : — 

Athyri*  d.  planotulcata,  PhiU.  P.  temiretieuUitm  (Mart.). 

Chonet€9  sp.  P.  Youngianutj  Dav. 

Liugula  mytiUnde*^  Sow.  Ettieularia  lintata  (Mart.). 

Orhieuloidea  nitida  (PhUl.|.  RhipidotnelU  Miehelini  (UEveill^). 

Ortkotetet  erenistria  (Phill.).  Sehizophoria  retupinata  (Mart.). 

Froduetm  giganteut  (Mart.).  (Very          Spirifer  sp. 

common.)  Fhilliptia  sp. 

(zvii)  About  one  and  a  half  miles  further  south,  on  the  road  to 
Holywell,  a  very  large  quarry  has  worked  beds  at  the  same  horizon 
and  of  the  same  quality  (i.e.  *  Aberdo '  stone)  at  the  Grange,  Hollo- 
way  (lat.  63^  16'  30"  N.,  long.  3^  14'  26"  W.).  -  At  this  quarry  we 
get  an  uninterrupted  sequence  from  the  limestone,  through  the  cherts, 
into  the  lowest  shales  and  thin  black  limestones  of  the  Pendleside 
Series.  Overlying  the  '  Aberdo  '  beds  there  is  a  white  lime- 
stone, almost  7  feet  thick,  the  lower  portion  of  which  is  cherty  and 
the  upper  portion  is  crinoidal ;  resting  upon  the  latter  is  about  6  feet 
of  lenticular  dark  limestone  and  thin  shales,  and  these  pass  upwards 
into  the  cherts,  which  at  this  locality  are  thinly  bedded,  and  as  a 
series  are  attenuated.  The  cherts  dip  eastwards  at  22^  (PI.  XXI) 
In  the  limestones  and  intervening  shales  we  collected — 

Lithoitrotion  irregulare.  F,  ieabriculus  (Mart.). 

AmpUxi'taphretUis  B,  Vanehan  MS.  P.  iemiretieulatm  (Mart.). 

Caniniad — i>t6witopAy//wm,  Vaughan  MS.   Retieularia  lineata  (Mart.). 

Dibunophyllum  sp.  Rhipidomella  Miehelini  (L^Eveille). 

Favoeitee paratitiea  (PhiU.).  Spirifer y  var.  of  S.  bietUcatuSt  Sow. 

Fenestella.  S,  ovalisy  PhiU. 

Athyris  planoeuleata,  Phill.  S,  planieostatuSf  M'Coy  (not  S,  eraesttty 

Chouetee  Buehianay  Be  Kon.  Be  Kon.). 

C.  Lagttetsianay  Be  Kon.  Spiriferina  sp. 

C.  papilionaeeat  Phill.  Syringothyrie  eu*pidata  (Mart.). 

Orthotetee  erenistria  (Phill.).  Aviculopecten  dissimilis  (Flem.). 

Froduetus  eomtgatuty^  Phill.  Orihoreras  ^^. 

P.  giganteus  (Mart.).     (Common.)  FhilUpnta  sp. 

P.  lougispifittSf  Sow.  Fetalodus  acuminattts  (Agass.). 

'  Thia  form  is  characteristic  of  the  Upper  i)i6ttnophi^Uum  7.o\v&. 
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(xviii)  Following  the  old  wagon-way  about  600  yards  np  the  dip- 
slope  of  the  hill  from  the  preceding  seoHon,  we  reach  a  quarry  in  the 
white  limestone,  at  the  top  of  which  is  a  Prod fic/iw- bed  about  10  feet 
thick,  containing 

Lithottrotion  Martini,  E.  &  H,  Jhroduettu  giganieui  (Mart.). 

L(m8d'tleia  Jloriformis  (Flem.).  P.  hemispherieHt  (Mart.). 

Syringopora  sp.  P.  sca^ieHlo'COitatus,  \  aughan  MS. 

Crinoids. 

(xix)  South  of  Holywell,  along  the  eastern,  margin  of  Holywell 
Common,  a  large  number  of  quarries  are  being  worked  in  the  ohert- 
beds,  which  hnre  also  overlie  limestones  of  the  'Abenlo'  quality. 
Some  of  the  chert- bands  contain  numerous  orinoidal  oasts.  An  old 
quarry  near  Pt-ntre  Halkyn,  wliere  the  cherts  were  to  a  large  extent 
desilicified,  yielded  the  following  fauna: — 

Orlnoids.  Spirtfn'ina  Mplieatm,  Dav. 

DieUuyna  ha$tata  (Sow.).  Syringothyri*  iaminoM  (M'Goy). 

2>.  Jieut,  Ostracodfl. 

OrthoMet  er$nistria  (Phill.).  IkUoptgehius  sp. 

Produetus  longi9pintu,  Sow.  Fttphodus  magnu$  (M'Goy). 

P.  scabriculus  (Mart.).  A  new  Cmrtacean, 
P.  rugatus, 

(xx)  Further  to  the  east,  near  Waenhrodlas,  the  '  Aberdo*  lime- 
stones are  being  worked  by  niont  exteuHive  quarries,  which  are  in 
many  respects  the  most  remarkable  in  the  county  of  Flint.  These 
limeBtoiieH  occur  at  the  same  horizon  as  those  at  Holloway.  Oorsedd, 
and  Trf'logan,  already  described.  The  photograph  (PL  A XII)  aliows 
part  of  the  face  of  the  Wrtcnhrodlas  quarry,  which  presents  phyKiOiil 
featureR  of  Aome  interest.  A  peculiar  case  of  false  bedding  is  here 
most  cleiirly  seen,  wiiere  the  edges  of  one  set  of  thin  limestones 
appear  to  have  been  almost  planed  ofif  in  a  flat  surface  before  the 
deposition  of  another  bed  of  limestone  of  singularly  uniform  thick- 
ness and  persistency.  In  the  uppermost  beds  of  the  same  qnarry, 
and  only  partially  represented  on  the  right-hand  side  of  PL  XXII, 
a  similar  phenomenon  may  again  be  observed ;  in  the  latter  instance 
the  rate  of  cutting  out  of  the  lower  set  of  limestones  is  1  in  18. 
From  the  persistent  parallelism  of  the  upper  and  lower  surfaces  of 
the  individual  beds  of  limestone  we  infer  that  these  two  interrup- 
tions in  the  deposition  of  the  stratn  wern  not  of  the  nature  of 
current-bedding,  but  really  represent  slight  unconformities  as  a 
result  of  earth-movement  at  the  time  they  were  laid  down,  and 
though  here  they  appear  inconsiderable,  it  is  possible  that  the  move- 
ment at  this  period  produced  more  striking  results  in  other  localities. 
In  this  connection  we  may  remember  tlmt  the  'Aherdo'  variety  of 
limestone  (which  is  the  kind  worked  in  tliis  quarry)  is  of  very  local 
diHtribution  and  of  very  erratic  occurrence.  The  proportion  of  shale 
to  limestone  is  extremely  variable,  increaning  from  Waenbrodlas  to 
Trelogan,  whilst  further  to  the  south  and  west  the  *Aberdo'  beds  are 
absent  altogetlier.  Contemporaneous  earth-movement  is  an  easy 
explanation  of  this  irregularity  of  deposition,  and  the  section 
represented  in  PI.  XXII  may  offer  some  direct  evidence  in  supjiort 
of  this  view. 
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aotual  top  of  the  quarry,  where  the  beds  were  much  weathered, 
aracterised  by  the  presence  of  corals  of  diagnostic  importance, 

Cyathaxonia  aff.  Rifkianay  Vaughan. 
Lithottrotion  irr«^i«/artf  (Phill.)* 
L'ifndaleiajlorifonnit  (Flem.). 
L,  rtiffMa,  M'Coy. 

9  a^ain,  in  even  greater  numbers  tlian  at  Gorsedd  and  Hollo* 

ivert)  Prodfieti  of  the  largest  size.     The  full  list  from  this 

is  as  follows  : — 

\'Zaphrenti9,  Vaughan  MS.  Fioduettu giganUtu  (Mart.).     (Very 
fllum  9,  Vaughun.  abundant.) 

hyllum  cf.  MmekUoniy  £.  &  H.  P.  giganteui,  var.  Edelburgefmt, 

yllmn  aS.  CutkeenetuMf  n.sp.,  P.  latUnmHi,  J.  Sow. 

lan.  P.  longitpinutf  Sow.     (Common.) 

oma  afif.  Ruthianay  Vaughan.  P.  punetatut  (Mart.). 

ihyllum  sp.  P.  seabriculo'eostatm,  Vaughan  MS. 

otioH  irregtUare  (Phill.).  P.  semiretiettlaiu*  (Mart.). 

^4>ck%  (Bronn).  P.  sinuattUy  Do  Kon. 

tfajhriformitf  Lonsd.  P.  YoungiofiuMf  DaT. 

ta^  M*Coy.  ReLienlaria  lineata  (Mart.). 

lia  sp.  Spirifer  bisuleatwi. 

ridarit  sp.  H.  of.  duplieieottatuif  Phill. 

iMfM  sp.  j9.  integrieottatutf  PhilL 

#tM«  sp.  6'.  of.  pinguit, '  Sow. 

0m«  sp.  ^.  planieoatatut,  M'Coy. 

expansa,  Phill.  Avieulopeeten  diuimitis  (Flem.). 

inoeonckus)  planotulcatay  Phill.  J'tetuUtmuaium  eUiptiewn  (Phill.). 

»n  form.)  Bellerophon  sp. 

Sfrpnlitfs  wemhranaeeay  M'Coy. 

}horia '  cf.  crumena  (Mart.).  Fticthodtis  sp. 

t  cf.  Laguemiana.  FnamMiodtui  sp. 

a  glabra  (Mart.^.  Faephodiis  magnut  (M'Coy). 
es  crenintria  (Pnill.). 

)  The  most  important  sections  of  Carboniferous  Limestone  in 
itrict  around  Mold  are  confined  to  the  hilly  range  extending 
lendre  to  near  Llanferres.  At  the  former  place  there  are  two 
)B  in  tlie  limestone  at  the  same  horizon.  Since  that  on  the 
side  of  the  roH<l  exhibits  more  of  a  sequence,  its  individual 
vere  more  carefully  worked.  In  the  fv>llowiiig  section  the 
liars  given  by  Mr.  A.  Strahan,  F.R.S.,  in  the  Geological 
r  of  Flint,  Mold,  and  Ruthin,  p.  89,  are  adopted  :  — 

7.  Sandstone 

0.  oiiaic  •••         ••.         ...         ••.         .•■ 
5.  Line  of  pit    ... 
4.  MasHive  Coralline  Limestone 
3.  Thin-bedded  Coralline  Limestone   ... 
2.  Limestone  and  shale 

1.  Limestone 

1  (limestone)  contains  Cyathophyllum  reginm,  Phill. 

2  (limestone  and  shale)  contHiuM — 

ora  aff.  inenutanSf  N.  &  T.  Seniinula  amhujua  (Sow.). 

;han).  Spirifcr  cf.  duplicicontftfiis^  Phill. 

plauosnlcata^  Phill.  Spirifnina  biplicatay  Dav. 

<j»  lotiyispiuin^  Sow.  JLUomphaius  sp. 
mella  Micheliui  (L'Eveille). 

*   Upper  Dibutiophi/lltim  zone  forms. 


27  feet. 
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12 

55 

17 

70 
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No.  3  (tbin-bedded  Ooralline  LimestODe)  oontains^- 

CytUhophyUum  regium,  Phill.  Litho$trot%on  irrtyularw  (Phill.). 

Dibunophyllum  (probably)  Cortoenente,  L.juneeum  (Flem.). 

n.sp.  (large).  Ltmtdaleia/oriformU  (Flem.). 

KoninehophyUum  maynijteum,  N.  &  T.  Sehizophoria  nsupinata  (Mart.). 

No.  4  (massive  Coralline  Limestone)  contains — 

ChateUi  sp.  AmpUxi'taphrmtit  sp. 

LUhottrotion  cf.  enH/er^  £.  &  H.  FhiUipttutraa  rodiata^  £.  &  H. 

L,juHce%tm  (Flem.).  Sehizophoria  rnupinata  (liart.)., 
X.  Portlocki  (Bromi). 

No.  6  (sbale)  contains — 

CampophyUum  sp. 

CyathophyUum  Murehiioni^  £.  &  H. 

JHbunophylUtm  ^-^,  Vaughan. 

At  tbe  smaller  quarrj  at  Hendre  we  ooUeoted  from  tbe  limestonei 

corresponding  to  No.  1  of  tbe  preceding  section : 

Lithottrotion  hataUifornu  (Phill.). 
Frodftettit  Cord,  D'Orb. 

And  from  tbe  overlying  limestone  and  sbale — 

DibimophyllHtn  sp.  P.  punetatus  (Mart.). 

LithoitroHon  irr$gulare  (Phill.).  P.  tmiretieHlattu  (Mart.). 

Crinoidfl.  Mhipidomella  Miehelini  fL'ETeill^^. 

Athyri* planotuleatay  Phill.  Sehizophoria rnupinata  (Mart.).    (Common.) 

Catnarotaeehia  pliurodon  (Phill.).  Seminula  ambigua  (Sow.). 

Choneies  LayttesHana^  De  Kon.  Spirifer  triangularis  (Mart.). 

Product  us  latissimtUf  J.  Sow.  Spiriftrina  eristata,  Schloth. 

F.  longitpinusy  Sow.     (Common.)  Altoritma'Uke  shell. 

(xxii)  The  exposure  at  Qwernymyndd  is  an  important  one,  and 
altbough  it  differs  somewhat  in  its  lithological  obaraoter  from  those 
seen  elsewhere,  its  palsBontological  features  can  easily  be  identified 
with  those  of  other  localities. 

The  following  is  the  sequence  of  the  upper  strata  at  this  place  :- 

6.  Grit  and  sandstone. 

5.  Encrinital  and  arenaceous  limestone. 

4.  Shale. 

3.  Chert  band. 

2.  Quartz -grit  and  sandstone. 

1.  Encrinital  limestone. 

In  the  grit  and  sandstone  at  the  top  of  tbe  section,  whiuli  wan 

largely  disintegrated,  we  found  many  fossils — the  number  of  fish- 

teeth  being  extraordinary.     The  list  obtained  was — 

Lithostrotion  irregnlare  (Phill.).  SpiHfer  sp. 

JdtHsdaleia  rtigosa^  M'Coy.  Ctenoptyehius  lobaiut  (R.  Eth.,  jun.). 

Crinoids.  Cochliodont  tooth. 

Orthoietes  crenistria  (Phill.).  Fotcilodus  sp. 

Froductus  longispinusy  Sow. 

The  upper  portion  of  (he  limestone  (No.  5)  below  tbe  grit  was 

'  rubbly '   in  charncter,   and   contained   ProdiiciuB  giganieua  in  fair 

abundance;   in  tlie  lower  portion  we  collected — 

Amplexi'ZaphmUus^  Vtiughan  MS.  Chonetes  Lagueniana^  De  Kon. 

Dibunophyllum  8p.  Martiuia  giabra  (Mart.). 

FistuUpora  aff.  incrustans,  N.  &  T.  Frodtictus  punetatus  (Mart.). 

(Vaughan).  F.  pustulonus^  Phill. 

Crinoids.  JSpiriJer  bistilcatus^  Sow.     (Common.) 
Athyris  pUtHosulcaliiy  Phill. 
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>.  4  (shale)  was  highly  fossiliferouSy  and  oontained — 

ris  planontleata,  Fhill.  Nuculana  atUnuata  (Flem.). 

^  mjftiloidety  Sow.  (elongate  sp.).  Faralielodon  sp. 

ma  glabra  (Mart.).  FondonisUa  ^Umgata  (Phill.). 

etua  cf.  semireticuiatut  (Mart.).  SoUnomya  sp. 

*ma  pariaHliM  (7),  Stroboeeraa  bi$uleata. 

lopecten  diuimilis  (Flem.).  Straparolhu  sp. 

iomu9  lingualit  (Phill.). 

».  1  (encrinital  limestone)  yielded — 

Amplexi'zaphrmiii  ^,  Vaughan  MS.  (sZ.  Bowtrbankt^  Thomp.). 

Chonete*  papilionacaa,  Phill. 

Spiri/er  bintlcatui,  Sow.     (Common.) 

S.  grandieoHatui. 

S.  inUgrieottatuty  Phill. 

S,  cf.  triangularit  (Mart.).     (Common.) 

S.  trigonalis  (Mart.),  D*Orb.     (Common.) 

ziii)  Further  west,  at  a  quarry  in  white  limestone,  which  is 
:ed  in  the  wood  near  the  summit  of  the  hill  east  of  the  Logger- 
s  Inn,  the  following  list  was  obtained  : — 

\ophylUtm  sp.  Martinia  glabra  ^art.). 

^op&ra  cf.  dutant,  Fisoher.  (Fairly  Froduetut  Cora,  D*Orb. 
imon.)  P.  giganUtu  (Mart.).     (Not  rare.) 

rif  expanta,  Phill.  P.  himitphsricut.     (Common.) 

tma  hattata  (Sow.). 

ziv)  Grossing  the  River  Alyn  to  the  east,  near  Llanferres,  we 
a  fine  escarpment  of  the  Carboniferous  Limetttone  from  the 

feet  contour-line  to  the  1,000  feet  contour  at  Pant-du.     Up  this 

e  the  beds  can  be  seen  to  have  a  regular  dip  south-east  at  17°. 

;he   bottom    of   the   pass,    near    the    river,    the    beds    contain 

hophyllum  MnrckiBoniy  E.  &  H.,  in  abundance,  and  associated 
it    Chonete»  papilionacea,  Piiill.,    which    is  a   large,   convex, 

ribbed  form,  common  at  Cauldon  Low,  North  Staffordshire.     In 

,ion  we  collected — 

litea  sept 09a  (Flem.).  ProduetHtJinibriatui,  Sow. 

\ophyllum  sp.  P.  hernia pherxcuM,  J.  Sow. 

tirotion  Martinij  E.  &  H.  Spiriferina  enatata^  Schloth. 
gopora  cf .  distaM,  Fischer. 

xv)  Above  Pot  Holes  the  beds  of  limestone  are  thinner  and 
.  oherty ;  here  we  found — 

Tphgllum  sp.  Z.  Martinif  E.  &  H. 

ttrotion  irregulare  (Phill.).  L.  Fortlocki  (Bronn). 

rge  Tarietj',  very  common.)  Syringopora  sp. 

\eeum  {F\em.),  Froductus  giganteut  (MaTt.),    (Abundant.) 

noted  also  beds  of  silicified  Prodncius  giganteus  (Mart)  and 
»ids  similar  to  those  occurring  at  Waenbrodlas. 
xvi)  Limestones  higher  in  the  series  may  be  seen  in  the  line  of 
I  quarries  on  the  east  side  of  the  road,  and  parallel  to  it,  at 
ndy,  where  we  obtained — 

fxi'Zaphreniia  ^,  Vaughan  MS.         P.  scabricnlus  (Mart.). 
tc/fM  lofigiapinuSf  Sow.  Spirifer  biaulcatusy  Sow. 

uelatua  (Mart.). 
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(zzvii)  In  a  disused  quarry  about  600  jards  further  Dorth 
(lat.  53''  8'  0"'  N.,  long.  S""  10"  52''  W.)  the  limestODes  and  shales 
are  remarkably  fossiliferous,  and  yielded  the  following  list : — 

Amplexi'Staphreniit  ^,  Yaughan  MS.  P.  lonpUpinus,  Sow. 

Campophyllum  aff .  Murehuoni,  £.  &  H.  P.  pustulottu,  Phill. 

Cyathaxonia  (?)  sp.  8eh%»ophoria  retupinata  (Mart.). 

Detuiphyllwn  sp.  Seminula  ambigua  (Sow.). 

JhbunophyUum  sp.  Spirifer  btstUcatuSf  Sow.  (Very  abnndaBt) 

Oyelophyllum  paehyendotheeum^  Thomp.  8.  cf.  ii\anguUtri»  (Mart.).    (Yezy 

Alhyris  plano9uleatui,  Phill.  abundant.) 

ChoneUs  Lagtt$9s%ana^  Do  Kon.  8.  trigonalia  (Mart.),  D'Orb.     (V^ 

(7.  papilionaeea,  Phill.  abundant.) 

Froduetut  giganteui  (Mart.). 

( Tb  be  continued  in  our  next  Number,) 


II. — The  Chalk  Bluff  at  Tbimimgham. 
By  Professor  T.  G.  Bonnby,  D.Sc.,  LL.D.,  F.B.S. 
(With  two  Text-figures.) 

MR.  R.  M.  BRTDONE'S  aocount  of  the  masses  of  chalk  exposed 
on  the  Norfolk  ooast  near  Trimingham,^  published  in  this 
Magazine  during  the  first  three  months  of  the  present  year,  is 
a  valuable  reoord  of  facts  revealed  by  the  encroachments  of  the  sea, 
but  it  raises  questions  of  a  general  nature,  on  wbich  I  should  at 
once  have  commented,  had  I  not  preferred  to  wait  until  I  could 
again  examine  the  sections.  This  was  done  in  company  with  the 
Rev.  E.  Hill  during  Easter  week,  when  we  found  that  even  since 
the  middle  of  last  October  (the  date  of  Mr.  Brydone's  latest  photo- 
graph) the  destruction  had  been  considerable.' 

The  isolation  of  the  more  notable  bluffs  is  now  complete.  Though 
a  memorial  of  defeat,  it  rises  from  the  shore  like  a  Roman  arch  of 
triumph  (Fig.  2),  one  pier  of  which  is  formed  of  chalk,  the  other  of 
boulder-clay  (the  so-called  Cromer  *  till '),  while  the  outlines  of  the 
second  and  third  masses^  have  been  modified,  as  indicated  in  the 
sketch -plan  (Fig.  1). 

As  I  have  not  found  Mr.  Brydone's  paper  very  easy  to  follow, 
owing  to  its  being  somewhat  dincursive  and  crowded  with  minute 
palsBontological  details,  the  time  of  readers  may  be  saved  by  biiefiy 
enumerating  the  points  to  which  I  take  exception.  These  palffionti»- 
logical  details  I  abstain  from  discuHHini;  because  I  think  that  even 

^  I  have  followed  the  spelling  of  the  Survey  Memoir  and  my  copy  of  the  Ordnance 
Map. 

-^  It  may  facilitate  references  to  mention  that  in  our  paper  we  refer  to  the  chalk 
miiK8es  us  eastern  and  western  (another  instance  of  inattention  to  the  minutia^  of  tLe 
htcrature  of  the  subject)  where  Mr.  Brydone  and  some  earlier  writers  use  southern 
and  northern.  Herein  we  followed  our  notes ;  for  the  trend  of  the  coast  is  more 
nearly  in  the  former  direction.  From  Wevmouth  to  Sheringham  it  is  nearly  west 
and  east.  From  the  latter  place  it  runs  a^ut  E.  10°  S.,  beginning  at  Cromer  t« 
point  rather  more  to  the  south,  and  for  some  distauce  on  either  side  of  the  *  bluff  *  its 
firenural  direction  is  from  30°  lo  35°  iS.  of  E.,  not  runniug  quite  S.E.  even  beyond 
Mundesley. 

•*  That  marked  A  in  the  ilhistration  accompanpng  our  paper  (Plate  XXII)  in  the 
Sept<MnlH'r  niinil)rr  of  this  M:i«!nziuo,  lUOJ. 

*  C  and  E  ol  the  hanie  Tlate. 
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if  admitted  ihej  do  not  substantiate  his  oonclasions.  So  I  leave 
them  and  the  nomenclature  of  zones  to  experts  like  Messrs.  Jukes- 
Browne  ^  and  A.  W.  Rowe,  and  restrict  myself  to  such  as  bear  on  the 
question  discussed  in  our  former  paper,  which  dealt  almost  ex- 
clusively with  the  so-called  northern  block  or  blocks  near 
Trimingham.'  Mr.  Brydone  maintains  the  most  noted  one  to  be  the 
remnant  of  a  sea-stack  or  buried  cliff,  adopting  a  modification  of  the 
view  put  forward  by  Mr.  Jukes-Browne.'  This  stack  or  cliff  was 
formed  at  the  margin  of  a  chalk  upland  which,  presumably  in  early 
Pliocene  times,  occupied   the  place  of  the  present  sea;  the  one 


^.>.W 


^^^  • 


W.iO.M. 


to 


5caLe  of  \/ards 


\ 


W.N.W 


\ 


rsj.w 


Fio.  1.  — Sketch -plan  (by  Kev.  E.   Hill)   of  the   ''westerly  ohalk  bluff''  at 
Trimiogham  (see  Plate  XXII  in  the  volume  for  last  year). 

The  broken  line  indicates  the  boundary  of  chalk  or  clay  in  April,  1905 ;  the 
continuous  one  that  observed  on  almost  the  same  day  in  the  present  year. 
A,  £,  C  correspond  with  the  masses  bearing  these  letters  on  the  above-named 
Plate,  the  first  oeing  the  '  contorted '  one,  tne  condition  of  which  at  the  latter 
date  is  shown  in  Fig.  2.  The  plan,  Mr.  Hill  wishes  me  to  say,  does  not 
pretend  to  minute  accuracy. 

which  made  it  lying  to  the  south-west  and  west.  Mr.  Brydone 
states  that  the  uppermost  part  of  the  chalk  (about  two  feet)  visible 
at  the  headland  differed  from  that  below,  lithologically  in  its  grey 
colour,  more  crumbly  condition,  and  apparently  horizontal  stratifica- 
tion, and  palceontologically  in  several  respects,  notably  the  absence 
of  Ostrea  lunata;  that  this  grey  chalk  formed  an  apparent  connection 
with  the  chalk  mass,  then  only  recently  disclosed  (C)»  and,  when 

1  This  sentence  was  written  in  May ;  see  Geol.  Mao.,  July,  p.  335. 

*  The  '  southern '  chalk  masses  are  mentioned  only  once  in  that  paper,  in  a  few 
lines  at  the  end  of  p.  400  and  beginning  of  p.  401.  I  shall  again  onefly  refer  to 
them  in  the  preeent  paper. 

'  Ann.  Nat.  Hist.,  sec.  v,  vol.  vi,  p.  305. 

DICADB  V. — VOL.  III. — NO.  IX.  *I^ 
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viewed  from  the  more  eastern  side,  seemed  to  be  prolonged  into 
a  slab  terminating  in  a  kind  of  lobe.^  The  upper  part  of  G  and 
portions  of  its  sloping  more  western  faoe  were  also  formed  of  tbe 
grey  chalk,  which  Mr.  Brydone  found  to  be  generally  separated 
from  the  white  chalk  (in  which  Ostrea  luuata  is  abundant)  by 
a  thin  seam  of  *  fine  grit '  in  which  are  scattered  flint  pebbles  about 
the  size  of  a  potato,  and  which  ''sometimes  swells  out  into 
a  definite  bed  as  much  as  two  inches  thick,  containing  small  rolled 
pieces  of  Chalk." 

This  gravel  Mr.  Brydone  assigns  to  Oretaoeous  tiroes.  He 
believes  that  late  in  that  period  earth-movements  occurred  which 
produced  the  flexures  (attributed  by  Mr.  Beid  to  the  thrust  of  an 
ice-sheet),  and  that  these  were  followed  by  denudation  which 
removed  part  of  the  chalk  and  formed  the  gravelly  seam,  after 
which  subsidence  was  renewed  and  the  grey  chalk  deposited.  The 
presence  of  water- worn  flints  in  the  chalk,  as  Mr.  Brydone  remarks, 
is  practically  unique,  and  if  his  view  be  correct  it  would  throw  "an 
important  light  on  the  time  of  consolidation  of  the  flints,  which 
must  have  taken  place  in  this  case  almost  simultaneously  with  the 
deposition  of  the  Chalk  in  which  they  were  formed"  (p.  20).  It 
does  not,  however,  appear  to  occur  to  him  that  so  unusual  an 
occurrence  requires  exceptionally  strong  proof.' 

The  infilling  of  the  *  arch '  with  clay  and  the  apparent  passage  of 
the  latter  beneath  the  chalk  in  the  masses  C  and  E '  receive  from 
Mr.  Brydone  the  following  explanation  (p.  77).  At  some  date 
shortly  before  tbe  formation  of  the  glacial  beds,  the  chalk  must  have 
been  again  raised  and  exposed  to  the  erosive  action  of  a  sea  lying  to 
the  south-west  of  the  present  coast,  the  waves  of  which  formed 
caves  in  its  cliffc),  and  these  caves  were  filled  by  the  first  inflow  of 
boulder-olay.  The  bottoms  of  them  are  probably  well  below  the 
present  beach-level,^  so  that  we  see  only  horizontal  sections  through 
the  roofs  and  the  upper  surface  of  the  infilling  clay,  which  then,  of 
course,  seems  as  if  it  underlay  the  severed  roof  by  natural  deposition. 
The  detached  blocks  of  chalk  visible  in  the  cliff  behind  the  '  bluff' 
**  have  clearly  been  carried  up  by  a  mass  of  clay  from  below,  and 
represent  parts  of  the  roofs  of  these  caves  which  were  too  weak  to 
resist  the  upward  pressure  of  the  clay." 

I  now  proceed  to  give  a  brief  description  of  what  we  saw  last 
April.  The  *  arch '  (Fig.  2)  was,  more  strictly  speaking,  a  big 
window,  the  low  '  sill '  being  formed  of  the  usual  boulder-clay, 
which  exhibited  a  rather  marked  stratification  as  it  approached  tbe 

»  See  Plate  IX,  No.  16,  of  Mr.  Brydone's  paper  (p.  130).  My  sketch  ended  at 
the  Budden  rise  of  the  clay,  the  left-hand  one  of  the  two  (the  oblong  block  of  chalk 
bey<md)  being  at  that  time  hidden. 

^  T\w  line  of  worn  Hints  between  the  white  chalk  and  the  yellowish  limestone  of 
Maestricht  to  the  south-west  of  that  town  is  hardly  a  parallel. 

*  Accordinj^  to  old  diagrams  the  clay  formerly  underlay  a  corner  of  tbe  chalk  of 
which  A  is  a  remnant. 

*  If  this  view  be  correct,  it  is  a  little  singular  that  the  chalk  should  so  often  show 
up  in  this  neighbourhood  between  tide-marks,  still  retaining  in  places  a  skin  of 
bouJder-clay. 
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ohalk.  The  latter  rook  formed  the  seaward  pier,  and  the  curved 
bands  of  flints  were  distinctly  yisible  on  its  more  western  and  more 
sastem  faoes.  On  the  former  we  saw,  aboye  the  nppennost  of  these 
bands,  a  fairly  distinct  gritty  streak  (/),  which  was  approximately  on 
the  level  of  the  top  of  the  'arch*  and  was  prolonged  for  some 
distanoe  landwards.  A  mass  of  boalder-clay  formed  the  landward 
pier,  changing,  in  the  right  spandril  of  the  arch,  into  a  marly  chalk. 
This  was  intermpted  near  the  middle  by  a  streak  (g),  averaging  about 
two  inches  in  thickness,  which  contained  flint  pebbles  and  looked 
like  the  '  washings '  of  boulder-clay.  The  eastern  side  of  the  *  arch  * 
showed  the  massed  of  chalk  and  boulder-clay  (the  latter  exhibiting 
stratification  at  a  high  angle),  the  rubbly  grey  chalk  described  by 
Mr.  Brydone,  and  the  two  streaks  just  mentioned,  the  upper  one 


Fxo.  2. — Bemnant  of  Bluff  near  Trimingham,  sketched  from  the  Cromer  side, 

April  18,  1906. 

a.  Chalk  with  flints. 

b.  Marly-looking  chalk  with  some  flints  (probably  remani6). 
e.     Bouloer-clay. 

d,  Boulder-olay  showing  stratification. 

e,  GraTel,  greatest  thicuiess  about  1  foot ;  little  patches  of  it  remain  here  and 

there  to  the  right. 
/.     Gritty  streak,  generally  distinct. 
g.     Stream,  from  2  to  2^  inches  thick,  of  clay  with  flint  pebbles,  looking  like 

rearranged  boulder-olay. 
h.    Marly  chalk. 

being  apparently  more  marly  at  the  seaward  end  and  more  gravelly 
at  the  other,  and  the  lower  one  a  gravel.  Overlying  the  grey  chalk 
(near  the  former  end)  was  a  patch  of  coarse  gravel — perhaps  a  foot 
thick — remnants  of  which  could  be  detected  on  the  landward  side. 
On  the  upper  part  of  the  sloping  face  of  the  second  mass  (C)  we 
failed  to  discover  any  traces  of  the  gritty  or  gravelly  seam '  between 
the  grey  and  the  white  chalk  (that  containing  Osirea  lunata),  but 
a  thin  seam  of  fine  gravel  could  be  detected  at  the  foot  of  the  slope 
apparently  overlain  by  the  chalk  (both  grey  and  white)  and  over- 
lying boulder-clay,  a  mass  of  which  formed  a  kind  of  abutment, 

^  We   attach    no   particular   importance   to   its   absence   and  do   not  dispute 
Mr.  Brydone'B  obeerration. 
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rising  to  a  height  of  a  few  inches  from  the  shore-shingle  and 
apparently  supporting  one  or  two  outlying  fragments  of  chalk. 
Boulder-clay,  as  shown  in  Mr.  Mallet's  photograph  of  1905,  underlay 
both  the  landward  end  of  the  mass  C  and  the  curved  slab  K' 
That  these  two  might  be  connected  beneath  the  beach  now  seemed 
more  probable  than  in  1905,  but,  if  so,  the  mass  must  be  strangely 
twisted,  and  the  same  would  be  true  of  the  thin  slab  exposed  in  the 
cliff  above.'  In  this  case,  however,  the  very  great  thickness  of  the 
well-bedded  gravel  underl;^ing  this  slab  on  the  more  western  side 
would  be  very  difficult  to  explain,  and  we  think  it  far  more  probable 
that  the  latter  at  any  rate  is  a  separate  boulder.     • 

In  short,  I  cannot  accept  the  principal  points  in  Mr.  Brydone's 
reading  of  this  section — that  any  of  these  chalk  masses  are  sea-staoks, 
or  the  gritty  seam  is  a  Cretaceous  deposit,  or  the  grey  chalk  is  part 
of  a  mass  in  sitiL  If  it  be,  its  position  at  the  top  and  bottom 
of  the  sloping  face  of  the  mass  C  is  a  great  and  by  no  means  the 
only  difficulty.  Much  of  this  grey  chalk  has  the  appearance  of 
remanie  material.'  That  it  has  not  been  derived  from  rook  quite 
identical  with  the  white  chalk  below  I  fully  believe,  for  I  think  that 
at  this  place  two  or  three  boulders  have  been  dropped  so  as  to  be  once 
or  twice  in  actual  contact,  as  has  happened  in  at  least  one  instance 
between  the  two  Run  ton  Gaps.  I  have  often  seen  chalk  fallen  from 
a  cliff  which,  were  it  freshen,  transported,  and  then  buried  where 
clay  or  grit  was  accumulating,  would  present  just  the  appearance  of 
this  grey  chalk  in  the  places  we  have  described.  We  must  also  not 
forget  the  possibility  of  grey  chalk  from  the  higher  part  of  a  cliff 
falling  on  the  top  of  white  chalk  from  the  lower  part,  when  the  two 
might  he  frozen  together  and  transported  as  one  block.  In  fact, 
I  consider  these  boulders,  like  those  near  the  Sidestrand  Hotel,  one 
or  two  of  which  are  still  visible,  to  be  of  "  quite  local  origin  "  (p.  16). 
I  differ  also  from  Mr.  Brydone  in  supposing  that,  while  by  a  singular 
chance  the  present  sea-line  so  nearly  corresponds  with  that  in  pre- 
Glacial  time,  a  chalk  upland  lay  on  the  northern  and  the  sea  itself 
on  the  southern  side.  Neither  can  I  understand  how  the  Mundesley 
well  section  drives  ''a  final  nail  into  the  coffin  of  the  erratic  theory  " 
(p.  125),  seeing  that  I  have  always  looked  in  this  direction  for  the 
chalk  cliffs  from  which  the  erratics  were  derived.^ 

The  two  chalk  masses  nearer  Mundesley — the  south  bluff  of 
previous  writers — were  not  so  well  exposed,  either  on  this  or  on  the 
previous  occasion,  as  at  some  of  Mr.  Brydone's  visits ;  the  attenuated 

^  This  seemed  to  have  been  reduced  in  thieknees  since  our  last  visit. 

2  See  Mr.  Brydone*fl  photograph,  PL  V,  Fig.  11. 

^  Mr.  Br}-doDc  Hays  this  chalk  cannot  be  remani^  because  delicate  fossils  in 
it  are  unbroken.  But,  as  we  can  still  see  in  blocks  of  chalk  fallen  from  the  cliffs, 
the  exterior  break?  up  into  fra^nnents,  the  interior  only  cracking,  so  that  the  former 
may  get  mixed  with  clay  or  gravel  and  yet  not  be  ground  up,  and  the  latter  be  only 
fissured. 

*  Tlie  drift  hillH  inland  from  east  of  Mundesley  to  west  of  Sheringham  are  Quite 
high  enough  to  conceal  a  buried  line  of  pre-GIacial  cliffs.  One  would  be  glad  if  it 
Could  be  a5€crt'iint>d  whether  the  chalk,  worke<l  in  old  pits  and  now  exposed  on  the 
new  railway  cutting  between  Cromer  Station  and  Overstrand  village,  u  in  $itu  or 
ODiy  a  very  large  erratic. 
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eziension  on  the  Mundesley  side  of  the  more  eastern  mass  being  only 
Tisible  at  one  plaoe,  and  thus  like  a  separate  boulder.  We  found  no 
evidence  (but  that  might  have  been  due  to  unfavourable  circumstances) 
in  favour  of  the  two  forming  part  of  a  single  mass,  traversed  by 
a  fault,  and  thought  them,  as  on  previous  occasions,  more  probably 
both  separate  and  erratics. 

In  conclusion,  Mr.  Brydone's  reference  to  our  former  paper 
(p.  127)  as  "dealing  somewhat  sketchily  with  the  purely  strati- 
graphical  aspect  of  the  Trimiitgham  Chalk  on  apparently  very 
incomplete  data,"  calls  for  a  few  comments,  because,  like 
Mr.  B.  B.  Woodward's  criticism,  with  which  we  briefly  dealt 
in  the  November  number  for  last  year,  it  involves  a  question  in 
the  method  of  writing  papers  wliich  is  of  some  importance. 
Notwithstanding  Mr.  Brydone's  censure,  I  venture  to  remark  that 
the  study  of  fossil  pol^zoa  may  not  be  the  best  schooling  for 
dealing  with  questions  of  physical  and  stratigraphical  geology,  and 
that  at  any  rate  we  did  not  need  to  be  informed,  after  committing 
ourselves  to  print,  that  the  magnetic  and  the  true  north  are  some 
twenty  degrees  apart.  We  sought  to  disprove  a  particular 
hypothesis,  i.e.  that  the  chalk  at  Trimingham  bluff  showed,  like 
a  monument,  how  an  ice-sheet  could  bend  and  pucker  up  the  rock 
over  which  it  advanced.  After  visiting  the  critical  section,  at 
intervals  during  twelve  years,  we  found  that  the  inroads  of  the  sea 
had  at  last  provided  evidence  which,  in  our  opinion,  was  fatal  to 
Mr.  Beid's  hypothesis  and  suggested  that  a  group  of  erratics  existed 
here  as  elsewhere  on  the  coast.  In  stating  this  evidence,  for  that 
particular  purpose,  we  considered  (and  remain  of  the  same  opinion) 
discussions  both  of  minute  paleeoutological  details  (interesting  in 
their  way)  and  of  previous  readings  of  the  coast  sections  to  be 
equally  irrelevant.  The  new  evidence  was,  in  our  opinion, 
unfavourable  to  the  sea-stack  hypothesis,  so  nothing  was  to  be 
gained,  except  a  waste  of  time  and  space,  by  discussing  that. 
Certainly  it  was  one  against  which  we  entertained  no  prejudice, 
for,  could  it  have  been  established,  it  would  have  been,  in  our 
opinion,  fatal  to  the  ice-sheet  Frankenstein.  If  a  stack  of  by  no 
means  strong  chalk  could  withstand  the  monster's  ramming  and 
rooting,  what  becomes  of  the  fjords,  lake-basins,  and  similar  results 
of  the  "minor  fury  of  ice-foam."  That  spectre,  at  any  rate,  would 
have  been  exorcised,  melting  into  mists  as  it  sought  refuge  in  the 
place  of  its  nativity. 

We  therefore  maintain  that  as  our  evidence  was  new,  and  the 
scope  of  our  paper  limited,  any  prScis  of  the  literature  of  the  subject 
was  both  needless  and  otiose.  I  will  even  venture  to  express 
a  belief  that  this  display  of  literary  research  threatens  to  be  exalted 
into  a  geological  fetish.  Disinterring  past  errors,  unless  it  he 
necessary  to  confute  them,  is  a  thankless  process,  and  the  hunting 
for  mare's  nests  through  dust-covered  tomes  consumes  time  that 
could  be  much  better  employed  in  the  study  of  sections;  for  the 
contents  of  these  nests  but  rarely  provide  a  nutritious  mental  diet. 
When  consciously  indebted  to  others  for  a  fact  or  an  at^uu\^xi.^^  v^^ 
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are  bound  to  acknowledge  it,  but  when  the  one  is  new  or  the  other 
not  yet  acoepted,  little,  I  think,  is  gained  by  reoounting  ancient 
history.  '*  Most  votes  "  (unless  intelligent)  do  not  <<  carry  the  day  " 
in  science  as  they  do  in  a  Parliamentary  election,  so  that  even  the 
opinions  of  the  great  men  of  old  do  not  count  for  much  in  questions 
on  which  they  could  not  be  fully  informed.  Thus  I  maintain  that 
while  a  chapter  on  the  past  literature  is  appropriate  and  even 
necessary  to  a  complete  memoir  on  any  subject,  it  is  useless 
padding,  and  even  worse,  in  a  paper  which  aims  at  either  advancing 
or  disproving  one  of  certain  views,  the  existence  of  which  is 
a  matter  of  common  knowledge.  Such  a  chapter  is»  I  believe, 
rarely  remunerative  to  the  reader,  and  almost  never  to  the  writer. 
I  am  quite  aware  that  the  expression  of  such  an  heretical  opinion 
may  shock  the  sensibility  of  students  more  at  home  in  the  library 
than  in  the  field,  but  am  prepared  to  endure  with  equanimity  even 
the  sort  of  criticism  which  Mr.  Brydone  welcomes  as  e£fectual. 


III. — Tarns  on  the  Haystaoks  Mountain,  Buttbbmbrb, 

Cumberland. 

By  R.  H.  Rastall,  M.A.,  F.G.S.,  Fellow  of  Chrigt's  College,  Cambridge,  and 
BluiNAKD  Smith,  B.A.,  Sidnej  Sussex  College,  Camlmdge. 

(With  five  Text-figures.) 

ALTHOUGH  the  lakes  and  larger  tarns  of  the  English  Lake 
District  have  been  the  subject  of  much  discussion  and  have 
given  rise  to  a  very  voluminous  literature,  comparatively  little  has 
been  written  on  the  smaller  tarns,  and  especially  on  those  of  the  very 
smallest  size,  which  are  so  abundant  in  many  parts  of  the  district. 
It  seems  to  us,  however,  that  the  smaller  ones  are  quite  as  deserving 
of  consideration  as  the  larger,  nince  they  present  similar  phenomena, 
and  their  interpretation  gives  rise  to  similar  difficulties. 

During  an  excursion  in  the  autumn  of  1903  we  happened  to  come 
across  a  group  of  small  tarns  which  seemed  to  be  interesting  in 
several  respects,  and  we  determined  to  investigate  them  fully. 

These  tarns  are  situated  at  considerable  elevations,  1,600  or  1,700 
feet,  on  the  Haystacks,  a  mountain  which  separates  the  head  of  the 
Buttermere-Crum mock- Water  valley  from  Ennerdale,  to  the  east  of 
Scarth  Gap,  the  usual  pass  between  the  two  valleys  (Ordnance 
Survey  map,  six  inch,  69  N.E.).  The  highest  part  of  the  mountain 
very  nearly  attains  the  2,000  feet  contour-line  near  its  western  end. 
It  consists  of  lavas  and  ashes  of  the  Borrowdale  series  overlying 
Skiddaw  slates  :  the  lag-plane  separating  the  two  formations  passes 
below  the  great  crags  on  the  northern  side.  The  volcanic  rocks  dip 
with  great  uniformity  to  the  south-east,  striking  transversely  to  the 
watershed,  thus  forming  a  good  example  of  a  plagioclinal  ridge. 
The  summits  are  very  rugged,  and  the  side  towards  Warnscale,  the 
bead  of  the  Buttermere  valley,  shows  some  fine  crags,  several 
hundred  feet  high. 

The  upper  surface  of  the  mountain  is  extremely  irregular,  and 
consists  i»f  small  peaks  and  pinnacles,  enclosing  numerous  hollows, 
in  some  of  which  are  small  tarns  and  in  others  extensive  peat-bogs. 
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Thia  npper  inrfMe  la  well  glaoiated,  and  the  tocIum  moulormiea  are 
exoeptioDally  good.  The  ioe  haa  undoHhledly  moved  from  the 
Bontb-«aat,  down  the  slopes  of  Brandretb  and  Grey  Knotts,  nhich 
form  a  oontinuatjnn  of  the  Haystacks  ridge  la  this  direotiua,  and 
reaidi  a  ooosiderably  higher  elevation. 

Two  of  the  tarns  on  thii  mountain  are  of  oonaiderable  eiae,  and 
there  are  also  one  or  two  much  amaller  pools  which  show  aome 
intereating  featurea. 


'''*«;<■ 


JL- 


(1)  Blaokbeor  Takh. — This  tnrn  ia  the  only  one  wliioli  ia  dignified 
with  a  diitiociive  name  on  (he  Bii-incli  Ordnance  Map.  It  is  a  sheet 
of  water  some  250  yards  long  by  100  yania  wide,  and  ia  situated 
towards  the  south-eastern  end  of  tlie  Uaystaoks,  very  near  to  the 
edge  of  the  oraga,  and  it  draina  over  the  lowest  point  of  the  crags 
into  Wamacate. 


Blackbeck  Tnrn. 


On  all  sides  except  towards  the  outlet  the  tarn  is  surrounded  by 
Borrowdale  rooks,  wliicli  show  very  fine  examples  of  rochet 
mouloniUet,  and  one  large  rock  on  the  west  side  near  the  outlet  ia 
particularly  fine ;  on  the  Huutli-east  aide  it  is  planed  away  to 
a  smooth  aurface,  which  makes  nn  angle  of  about  Id"  wilb  the 
natural  planes  of  separation,  as  shown  in  Fig.  2. 
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At  iU  npper  end  the  tarn  is  being  gradnallj  filled  np  in  the  tunal 
menner  by  stream  deltas,  bnt  since  the  gathering-gcoand  is  so  small 
this  most  natarallj  be  a  slow  prooess.  It  seems  to  be  moch 
assisted  by  Tegetation,  which  is  more  loxnriant  than  might  be 
expected  at  such  an  elcTation. 

Taming  now  to  a  consideration  of  the  outlet,  we  find  seTsral 
interesting  features.  No  rock  is  fonnd  tn  sthi  at  or  near  water- 
level  ;  it  is  only  at  some  distance  down  the  stream  that  we  first 
obserred  any  unmistakable  rock  in  place ;  this  is  at  least  scTcn  or 
eight  feet  below  the  surface  of  the  lake.  The  narrow  outflow  Talley 
u  filled  with  rounded  mounds,  which  are  Tery  snggestiTe  of 
moraines,   although   they   contain  a  good    many  angular  blocks. 


Fio.  3.— Outlet  of  Blackbeck  Tarn. 
A,  C,  old  gorges ;   £,  large  boulder ;    B,  D,  present  channel  higher  than  at  A,  C 

respectively.    Scale  ahnout  24  inches  to  1  mile. 

Many  of  the  loose  blocks  lying  on  the  surface  are  similar  to  the 
rock  in  sM  on  either  side  of  the  outlet  This  suggests  that  the 
apparent  moraine  may  in  reality  be  scree,  or  a  mixture  of  scree  and 
rainwash.  On  the  other  hand,  many  of  the  boulders  in  the  banks 
of  the  stream  and  in  the  stream  itself  are  totally  di£ferent  from  the 
rooks  on  either  side,  or  in  situ  lower  down  the  stream,  and  we  were 
not  able  to  match  them  in  the  immediate  neighbourhood,  llie  local 
rook  is  a  fine-grained,  cleaved,  and  slickensided  ash,  while  mos£  of 
the  boulders  proper,  which  are  obviously  ice-  or  water-worn, 
consist  of  coarse-grained  banded  ashes  or  tuffs,  which  may  possibly 
have  come  from  Green  Gable. 
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The  oatflow  Talley»  though  narrow  in  oomparison  with  the  width 
of  the  tarn,  ii  broad  in  proportion  to  the  size  of  the  stream ;  it*  is 
bounded  by  steep  walls,  and  below  this  ooraes  a  nearly  level 
8urface»  whieh  in  parts  is  slightly  convex,  suggesting  the  outline  of 
a  moraine ;  the  stream  runs  at  the  bottom  of  a  slightly  meandering 
gorge,  considerably  below  the  level  of  this  surface. 

Further  down  the  slope  of  the  sides  becomes  much  steeper,  and 
the  depth  of  the  gorge  increases  greatly.  At  two  points,  A  and  0, 
are  seen  portions  of  former  gorge-like  channels  at  a  much  lower 
level  than  the  present  stream-bed  alongside  them  (see  Fig.  3).  The 
lower  of  these  contains  an  unusually  large  boulder  of  banded  ash. 
It  seems  probable  that  these  deeper  gorges  are  parts  of  an  old 
pre-Qlacial  channel,  which  was  filled  up  by  moraine.  It  is  difficult 
to  imagine  that  sufficient  scree  material  could  be  derived  from  the 
low  side-walls  of  this  valley  to  make  any  appreciable  difference  in 
the  level  of  the  stream.  The  walls  of  these  deeper  gorges  consist 
of  rock  in  aiiil,  while  in  the  present  channel  none  is  seen  until  we 
reach  a  point  far  below  the  level  of  the  lake,  where  the  stream 
cascades  over  the  crsgs. 


Fio.  4. — Cro68-8ectioxi8  of  the  outlet  of  Blackbeck  Tarn,  along  the  lines  X-T  and 

W-Z  of  Fig.  3. 

After  careful  consideration  of  all  the  evidence  it  seems  quite  clear 
that  this  tarn  is  not  a  rock-basin,  but  is  held  up  by  some  kind  of 
loose  material  which  blocks  the  outlet,  and  we  incline  to  the  belief 
that  this  material  is  of  the  nature  of  moraine  rather  than  scree. 

None  of  the  facts  above  mentioned  throw  much  light  on  the  past 
history  of  the  tarn,  but  it  seems  very  probable  that  if  the  old  partly 
buried  channel  could  be  cleared  out  the  tarn  would  be  completely 
drained.  Unfortunately  we  have  not,  up  to  the  present,  been  able  to 
obtain  any  soundings,  so  that  the  real  depth  of  the  water  is  unknown  : 
judging  from  the  surrounding  slopes,  it  is  not  likely  to  be  great. 

Although  it  is  not  possible,  with  the  evidence  at  present  at  our 
disposal,  to  be  quite  certain,  we  think  it  highly  probable  that  this 
tarn  is  entirely  of  post-Glacial  date,  and  it  is  to  be  regarded  as  the 
direct  consequence  of  the  damming  of  a  small  pre-Glacial  valley  by 
morainic  material. 

(2)  Haystack  Tarn. — The  second  tarn  on  the  Haystacks  is  a 
good  deal  smaller  than  Blackbeck  Tarn,  but  still  it  is  of  considerable 
size,  covering  approximately  one  and  a  half  acres.  It  is  without 
a  name  on  the  six-inch  Ordnance  Map,  so  as  a  matter  of  convenience 
we  have  named  it  Haystack  Tarn.  This  tarn  is  now  evidently  being 
rapidly  filled  up,  as  shown  by  the  strong  growth  of  rushes  and  peaty 
material.  It  contains  several  small  islands  of  rock  in  sitii,  showing 
the  normal  strike  of  the  district,  i.e.  about  E.  30°  N.     TL^  tAxu  v^ 
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Burroanded  by  very  fine  roches  moutonnieSf  whioh  have  eyidenily 
been  formed  by  ioe  advancing  from  the  south,  down  the  elope  of 
Brandreth,  from  the  great  gathering-ground  which  seeme  to  have 
existed  on  or  near  the  ridge  running  eastwards  from  Great  Gable. 

The  Haystack  Tarn  at  present  drains  nearly  due  south,  into 
Ennerdale,  by  means  of  a  very  shallow  channel,  which  looks  quite 
recent ;  rock  may  be  seen  in  sUHin  the  channel  at  almost  any  point, 
and  if  there  is  any  moraine  or  peat  in  the  channel  it  cannot  be  more 
than  one  foot  deep.  This  tarn,  then,  evidently  draiua  over  rock  at 
the  present  time. 

But  closer  examination  shows  that  it  is  not  a  rock  basin.  In  the 
north-east  corner  is  a  low  opening,  which  seems  to  be  blocked  by 
loose  material  of  some  sort,  either  scree,  or  more  probably  moraine. 
Rock  in  situ  with  the  normal  strike  and  nearly  vertical  dip  can  he 
traced  close  up  to  the  shore  at  tiiis  point,  but  not  by  any  means 
continuously,  and  there  is  plenty  of  room  for  a  buried  channel 
between  some  of  the  exposures.  This  old  channel,  if  such  it  be»  is 
some  ten  yards  broad,  and  much  resembles  the  upper  part  of  (he 
present  outflow  channel  of  Blackbeck  Tarn.  The  ground  rises  for 
a  few  yards  from  the  water's  edge,  and  the  highest  level  in  the 
centre  is  some  3  or  4  feet  above  water-level.  The  oross-aectioa  is 
a  smooth  curve  of  the  usual  type. 

This  channel  leads  down  without  interruption  to  a  low  point  la 
the  crags  on  the  northern  or  Warnscale  side,  exactly  like  the  outflow 
of  Blackbeck  Tarn,  and,  in  fact,  in  every  respect  completely 
resembles  one  of  the  numerous  small  valleys  of  erosion  oat  into  tlio 
rugged  surface  of  this  mountain. 

We  have,  therefore,  no  doubt  whatever  that  this  tarn  owes  its 
existence  to  the  blocking  of  this  channel  by  loose  material  of  some 
sort,  either  scree  or  moraine,  and  it  seems  to  be  almost  certain  that 
this  material  is  moraine  ;  the  sides  of  the  channel  are  so  low  that  it 
is  almost  impossible  that  they  can  have  given  rise  to  8UjQGu)ient 
scree.  This  argument  is  even  stronger  here  than  ia  the  oaae  of 
Blackbeck  Tarn. 

Here,  again,  what  appears  at  first  sight  to  be  a  rock  basin  is 
shown  to  be  nothing  of  the  kind,  but  to  owe  its  existeuoe  to 
moraine. 

This  tarn  lies  at  an  elevation  of  some  1,700  feet  and  about 
100  feet  above  Blackbeck  Tarn.  On  its  south-eastern  side,  and 
about  10  feet  above  it,  is  a  very  small  pool,  which  may  be  a  true 
rock  basin,  but  it  is  so  small  as  to  be  unworthy  of  further  notice. 

(3)  At  a  much  higher  level  than  either  of  the  foregoing,  in  fact 
only  about  15  feet  below  the  highest  point  of  the  Haystacks,  lies 
a  small  pool  which  presents  some  interesting  features.  It  is  very 
small,  measuring  only  about  50  yards  in  length  by  15  in  width, 
and  its  elevation  is  nearly  2.000  feet  It  seems  to  be  quite  deep  in 
comparison  with  its  size.  This  pool  has  no  outlet  at  all,  even  iu 
the  exceptionally  wet  weather  which  prevailed  when  we  were 
studying  this  region  (August  and  September,  1903),  and  it  appears 
to  bo  surrounded  on  all  sides  by  rock. 


Tarnt  on  /he  Hai/slackt  MouHtam,  BtUtermrre. 


411 

Tha  above  concladea  our  deaaription  of  the  taras  of  tliia  mountain, 
but  there  Htill  renininB  an  iiitureHtin^  feaUire  In  ilexcribe. 

(4)  Ou  the  Bdiithern  side  of  the  tnonnlain  aixl  Boulh-eaat  of 
Hayntack  Tarn  is  to  be  stwii  a  larjre  jhh)I  of  water  of  peonliar 
character,  wUiuli  suggeala  a  pnHnilite  wiiy  of  fonnntion  of  Hraall  lake* 
basioB.  The  gi'eater  part  of  this  hollow  is  at  prenent  filled  \iy  peat- 
hng  of  the  UBual  type,  and  an  iihuaI  ut  variiiiin  levels  in  different 
parts,  hut  the  central  part  has  lieen  holloweil  out  hy  aonie  means 
anil  now  forms  a  fair-sized  shullow  pool;  over  a  coiiNidernble  ar>-a 
BarroQiidin^  this  la  seen  an  esprmae  of  bare  jieat  only  a  few  inohea 
above  the  water-level.  It  is  ititertatin^  to  note  that  over  this  bare 
eipanae  are  aonttered  a  large  nimil)or  of  lirniiches  or  roots  of  trees, 
allowing  that  the  peat-hag  miixt  he  of  threat  nnliqnily. 


—Tarn  fotpiisl  bj  wi 


]juat,  Iliijntiicka  Jfuuu 


However,  the  nuiHt  noticeable  feature  is  llje  chanicier  of  the  small 
ixlariils  of  pest  wliicli  now  pnij^ot  alHive  tliu  wnier  in  the  pi'ol. 
These  islaiiils  are  all  rfiiinrkablv  niideruiit  luid  overhnn^ihg.  and  in 
many  cas>-a  are  penetrated  hy  aulniil  tunnels ;  in  fact,  they  mimic  in 
a  remarkable  manner  tlie  nnlnral  features  iif  a  wave-beaten  ooast, 
aiicb,  for  example,  us  (lie  cbidk  elitTn  c^f  Antrim  or  Fhiniboningli. 

It  seems  almost  CfHuin  Ihiit  this  peoiiliiir  form  has  been  prodneed 
by  wave-actiim.  whiub  indeed  cinild  be  seen  ainmst  in  aetivo 
operation  at  the  time  of  imr  viHit.  an<l  it  must  have  been  eHiwcially 
potent  in  anuh  a  wet  and  Mtorniy  season  us  tbnt  of  lilOS.  At  this 
ffreat  elevation,  over  l.tiUU  feet,  tliu  wind  is  nearly  always  powerful. 
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and  this  basin  lies  in  a  hollow  very  near  the  edge  of  an  exoeedinglj 
steep  slope  into  Ennerdale,  where  wind-aotion  would  be  aooentuated. 
The  pool  at  present  drains  towards  the  north,  over  an  outlet 
blocked  to  some  extent  by  scree,  instead  of  to  the  soath,  as  would 
naturally  be  expected. 

The  life-history  of  this  pool  may  have  been  as  follows  : — An  old 
tarn  of  the  ordinary  type,  due  to  moraine  or  scree,  was  gradually 
filled  up  by  the  growth  of  peat,  as  the  present  ones  are  now  being 
filled.  By  some  means,  possibly  owing  to  excessive  rainfall,  water 
began  to  accumulate  on  the  surface,  and  this  water  under  the 
influence  of  the  wind  was  gradually  able  to  erode  a  small  basin, 
which  is  still  much  smaller  than  the  original  extent  of  the  tarn. 
Tiiis  excavation  may  also  be  assisted  by  desiccation  and  removal  of 
matter  as  dust  during  dry  periods ;  thoroughly  dry  peat  is  a  very 
light  material  and  easily  blown  away. 

That  something  of  the  sort  has  occurred  is  quite  evident,  since  the 
presence  of  wood  on  the  surface  clearly  proves  removal  of  peat ; 
the  chief  difficulty  is  to  account  for  the  first  formation  of  the  pool  of 
water  on  the  surface.  It  is  possible  that  an  increase  of  soree 
material  at  the  original  outflow  may  have  caused  so  great  an 
accumulation  of  water  that  the  peat  could  not  soak  it  all  ap,  and 
some  collected  on  the  surface. 

In  this  case  wind-action  appears  to  be  the  primary  oanse  of  the 
present  existence  of  this  pool :  whether  there  ever  waa  a  tarn  here 
before  is  quite  immaterial ;  all  that  the  theory  requires  is  a  sufficiently 
level  peat-bog,  however  formed.  In  any  case  some  physical  change 
seems  necessary  to  cause  a  reversal  of  the  usual  process  of  accumu- 
lation of  peat,  but  many  reasons  could  be  given  for  such  a  change, 
such  as  blocking  of  an  outlet  by  landslips  or  scree,  or  capture  of 
a  larger  drainage  area  by  a  feeder,  and  so  on. 

On  the  whole  this  idea  seems  worthy  of  consideration  as  a  possible 
cause  of  the  formation  of  lake-basins,  at  any  rate,  on  a  small  scale; 
it  seems  especially  likely  to  occur  in  cols  and  narrow  passes,  where 
the  force  of  the  wind  is  concentrated. 


IV. — Thk  Zones  of  tuk  Lowkb  Chalk. 

By  T.  0.  BoswoRTH,  B.A.,  St.  John's  College,  Cambridge. 

rilHE  object  of  this  paper  is  to  suggest  some  modification  of  the 
JL      present  zoning  of  the  Lower  Chalk. 

I.   Disadvantages  of  using  Holaster  subolobosus. 

This  fo88il  is  at  present  supposed  to  characterise  the  Chalk 
between  the  zones  of  Ammonites  variana  and  Actinocamax  plewu 
(=zB,  p/etm),  but  its  unsuitabiiity  is  evident  from  the  following 
summary  of  its  occurrences  : — 

In  Dorset  and  Devonshire  Holaster  eubglohosus  occurs  in  the  zone 

of  Ammonites  varians  and  is  absent  from  the  Chalk  above. 
In  Hampshire,  Wiltshire,  Isle  of  Wight,  Sussex,  and  Kent  it  is 
nearly  as  common  in  the  zone  of  A.  varians  as  it  is  in  the 
beds  above.     Except  in  the  Isle  of  Wight,  it  is  not  recorded 
from  the  upper  part  ol  Wx^sft  \i^^%. 
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In  Berkshire,  Oxfordshire,  Suffolk,  and  Camhridgeshire,  where 
the  zone  of  H,  suhglohosuB  is  typically  developed,  it  is  my 
experience  that  the  zone  fossil  is  absent  from  the  apper  half 
of  the  80  feet  of  Chalk  above  the  Burwell  Rook.  It  is 
associated  with  A,  variana  in  the  Burwell  Rook. 

In  Lincolnshire  and  Yorkshire  £f.  subglohoaua  is  abundant  in  the 
zone  of  A.  variana,  but  so  rare  in  the  beds  above  that 
OffaBter  spherieua  is  used  as  the  zone  fossil  in  its  stead. 

In  France  A.  rotomagensis  is  used  as  the  zone  fossil. 

II.  Om  the  True  Position  of  the  Bubwell  Rook. 

This  bed  appears  to  have  been  placed  in  the  M.  $ubglobo8U$  zone 
for  two  reasons : — 

(1)  It  contains  occasional  E.  $uhglobo8U$, 

(2)  There  is  a  litholo^ical  change  on  passing  from  the  Chalk  Marl 

into  the  Burwell  Rock. 

These  arguments  are  neither  of  them  sound.  Regarding  the  first, 
we  have  seen  that  H,  subglobostu  is  to  be  expected  in  the  A,  varians 
zone,  and  A.  varian$  itself  is  common  in  the  Burwell  Rock.  As 
regards  the  second,  the  change  is  often  a  very  gradual  one,  and  the 
practice  of  relying  on  lithology  is  only  a  relic  of  darker  ages. 
There  is  quite  as  great  a  change  on  passing  up  out  of  the  Burwell 
Rock  into  the  Chalk  above.  Moreover,  grey  chalk  rook  beds  of 
very  similar  nature  are  included  in  the  upper  part  of  the  A,  variana 
zone  of  Southern  England.  The  fauna  of  the  Burwell  Rock  is 
a  large  one,  while  those  of  the  Chalk  Marl  beneath  it,  and  the 
Chalk  above  it,  are  both  small.  But,  of  these  two,  that  of  the 
Chalk  Marl  is  more  nearly  allied  to  the  Burwell  Rook  fauna  than 
is  that  of  the  Chalk  above  the  Burwell  Rock. 

The  fauna  of  the  Chalk  Marl  of  Cambridge  and  Suffolk,  as  recorded 
in  the  General  Memoir,'  1903,  together  with  Nautilus  elegant,  which 
I  have  found  at  Mill  Road,  consists  of  4  Cephalopods,  2  Echinoids, 
9  Brachiopods,  7  Lamellibranchs,  2  Annelids,  and  one  fish.  And  of 
these  25  species,  all  save  Terebratulina  triangtdarit  and  Serpula 
amnulata  occur  in  the  overlying  Burwell  Rock,  i.e.  92  per  cent,  of 
the  species  are  common  to  both. 

In  the  Chalk  above  the  Burwell  Rock  the  fauna  as  recorded  in 
the  General  Memoir,  together  with  several  species  not  hitherto 
recorded  (to  which  reference  will  be  made),  consists  of — 

6  Cephalopods,  of  which  5  are  recorded  from  the  Burwell  Rock  ; 


7  Echinoids 

3 

8  Brachiopods 

8 

17  Lamellibranchs 

12 

1  Annelid 

1 

2  Polyzoa 

0 

6  Fishes 

4 

4  Reptiles 

0 

♦  »  It 

»»  »» 

»»  >» 

»>  >> 

»»  >» 

>»  »» 

»»  »» 


i.e.,(»f  these  51  species  only  33  are  recorded  from  the  Burwell  Rock; 
i.e.,  67*4  per  cent,  of  the  species  are  common  to  both. 

1  **  General  Mcmuir  on  the  Cretaceous  Rocka  ol  "Btitauv,"''  nvA.  \\  VN^^*^* 
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The  Eohinoids  which  are  not  found  in  the  Burwell  Rook  are 
Cidaris  Bowerhankiif  C.  hirudo,  EchinoeyphuB  diffidlis,  and  H6la$ier 
trecensis.  The  first  and  last  of  these  are  abundant.  A  large  variety 
of  Discoidea  eylindriea  is  also  oommon,  and  seems  distinct  from 
the  smaller  variety  recorded  from  the  beds  below.  The  teeth  of 
PiychoduB  decurren$  are  common  in  the  Chalk,  but  very  rare  in  the 
Burwell  Rock. 

[The  subjoined  Diagram  (Fig.  1)  shows  the  comparative  thickness  of 
the  zones  under  the  suggested  system.  The  localities  chosen  do  not 
lie  very  far  from  a  mean  straight  line.  The  distances  between  the 
columns  roughly  represent  the  distances  between  the  points  on  the 
straight  line  which  most  nearly  represent  the  positions  of  the  towns 
named.  Vertical  scale  is  1  cm.  —  30  feet  (The  Burwell  Rock  is 
indicated  in  black.)] 

Chilton.         Dunstabls.      Camb&idob.     Stokb  Fkrrt.    HncsTAicTox. 
JB.  plena.  B,  plena,  B.  plena,        B.  plena.        B.  plena. 
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Fio.  1. — Comparative  thickness  of  Zones  of  the  Lower  Chalk  under  suggested  system. 

Thus  there  seems  to  be  a  much  more  definite  faunal  change  on 
passing  up  out  of  the  Burwell  Rock  than  on  passing  up  into  it. 
Now  the  zone  of  A.  varians  in  Southern  England  contains  a  very 
rich  fauna,  but  as  we  pass  north  of  the  Thames  the  fauna  of  the 
Chalk  Marl  l>ecome8  smaller  and  smaller,  while  the  thickness  of 
the  Burwell  Rock  increases  until  in  Cambridgeshire,  where  the 
Burwell  Rock  has  its  maximum  thickness,  the  fauna  of  the  Chalk 
Marl  has  dwindled  down  to  23  species.  The  explanation  is  that 
the  Burwell  Rock  is  really  the  most  fossiliferous  part  of  the 
A.  vartariB  zone,  and  by  placing  it  in  the  JST.  subgloboaus  zone  we 
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endow  that  zone  with  an  abnormally  rich  fauna  and  impoverish  that 
of  the  A.  var{an$  zone.  The  fauna  of  the  Burwell  Rock  is  one 
typical  of  the  zone  of  A.  varians,  and  is  practically  identical  with 
that  of  the  shelly  beds  in  the  upper  part  of  that  zone  in  Kent. 

Of  the  16  Cephalopods  (including  Baefditea  bactdoideB,  not 
recorded  in  the  General  Memoir,  but  which  I  find  common  at 
Fnlboum),  9  Ecbinoids,  10  Brachiopods,  11  Qasteropods,  25  Lamelli- 
brancbs,  and  2  Corals,  all  occur  in  the  zone  of  A.  varian$  of  Southern 
England,  with  the  exception  of  Nautilus  reflecius  and  6  Laraelli- 
branchs,  of  which  I  can  find  no  record  except  occurrence  at  Burwell. 
A.  varians  itself  is  more  plentiful  in  the  Burwell  Bock  than  in  the 
underlying  Chalk  Marl. 

This  figure  (Fig.  2)  shows  the  comparative  thickness  of  the  zones 
under  the  present  system  : — 

Chilton.        Dunstable.    Camr&idoe.    Stoks  Fbrrt.    IIctnstanton. 
B.  plena,  B,  plenac  B.  plena.        B.  plena.        B.  plena. 
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Fig.  2. — Comparative  thickness  of  Zones  under  present  system. 

If,  on  the  strength  of  these  arguments,  the  Burwell  Kock  be 
relegated  to  the  A.  varians  zone  as  a  mere  facies  of  Chalk  Marl, 
the  thinning  of  the  Lower  Chalk  towards  the  north-east  is  some- 
what simplified  (see  Figure),  the  thickness  of  the  two  zones 
decreasing  more  uniformly  and  simultaneously.  The  most  con- 
Tenient  place  to  draw  the  line  of  separation  is  the  well-marked 
baud  of  Bhynchonella  JHantelliana.      This   occurs  a  few  feet  above 
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the  Burwell  Rock,  and  oontains  the  A,  vnrtans  zone  fauna.  The 
fossils  are  extremely  numerous  in  this  hed,  consisting  principally 
of  large  specimens  of  B,  Mautellinna,  Serpula  umbonata,  Terebra' 
tulina  nodulota,  and  Cidaris  dissimilis. 

III.   On  Holastbr  trkoknsis. 

In  Dorset  and  Devon  this  fossil  is  plentiful  in  the  beds  above  tbe 
A,  varians  zone,  H.  8vhgloho8U$  itself  being  absent.  H.  treeemiB  is 
almost  confined  to  the  zone  and  could  well  be  used  as  the  zone  fossil. 

In  Hants,  Sussex,  Kent,  and  Isle  of  Wight,  this  fossil  is  common 
through<iut  the  zone  from  base  to  summit,  and  is  only  oocasionally 
found  in  the  Chalk  Marl. 

In  Yorkshire  JTl  trecensig  is  not  found. 

In  Lincolnshire  H.  treeensis  is  found  above  the  Burwell  Book,  and 
it  is  also  recorded  from  the  Chalk  Marl,  but  I  do  not  know  whether 
it  is  common  at  that  horizon. 

In  Cambridgeshire  iJ.  treeensia  is  not  yet  recorded  except  fvom 
Shelford,  in  the  General  Memoir  (op.  cit.,190d).  But  examination  oF 
the  Lower  Chalk  of  this  county  during  the  past  three  years  has  shown 
to  me  that  this  fossil  is  remarkably  abundant,  being  much  more 
common  than  M.  $ubglobo$u8.  In  fact,  there  appear  to  be  two  very 
distinct  zones  in  Cambridgeshire  in  this  80  feet  of  Chalk — the 
upper  half  (about  40  feet)  abounding  in  If,  trecen$i$,  bat  with 
no  JTi  suhglobostu;  the  lower  half  with  H.  $ubgloho8U9  and  no 
H.  trecenaia, 

I  have  found  H.  trecenaia  in  the  great  pit  at  Cherry-Hinton  in  the 
upper  part  of  the  Lower  Chalk,  which  has  not  been  worked  for  many 
years,  also  at  Shelford  in  abundance,  and  most  plentifully  in  the  pit 
on  the  Qolf  Links.  In  this  latter  locality  the  zone  of  AcHnocamax 
plenus  and  the  upper  35  feet  of  the  so-called  S^.  $ubgloho8u§  zone  are 
quarried.  Fossils  are  on  the  whole  very  scarce,  but  I  have  found 
if.  trecensia  in  aitu  from  the  bottom  of  the  section  up  to  within  a  foot 
of  the  Actinocamax  jdenua  (=zjB.  plena)  zone.  I  have  also  had  all  the 
fossils  from  the  workmen  for  the  past  two  years. 

The  following  is  a  list  of  the  species,  with  the  number  of  specimens 
obtained : — 

PiSCBB. 


Otodus  appefidieulatus  (tooth) 
Flj/eh  odu»  deettrrens           „ 
*Oxi/rhitia  Mantelli             ,, 
Vertebra)  and  scales            

•  • •             ••  •              L 

•  •  •            •  •  ■            o 

•  •  •            •  •  •             1 

nuraerutis 

Crustacea. 

^Enoploclytia  Imagei           

very  numerous 

ECHINOIDKA. 

Holaater  ireeennii 

•••                   •••                i  i 

*  Ihttcoidea  cylindriea            

*OidarM  Bowerbankii  (spines) 

•  •  •                  •  •  •                   1 

•  •  •                          •  •  •                          \m 

BRACHIOrODA. 

Terebratula  sem ighhosa      

•  •  •                          •  •  •                           » 
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Lamsllib&anchiata. 
*Dimyd\<m  NiUtoni  ( =  Plieatula  tigiUina)  (attached 

iti  test  of  Hoiaster)  ...  2 

Ostt-ea  vfMteuUiria very  numerous 

*0$treajllaia ,,  ,, 

Peeten  Beareri         ...         ...         ...         ...         ...         7 

ItiocernmuB  %i^,  3 

Spondylu*  latm       1 

*2>rA<0,  sp.  noy.  (P) a  group 

POLTZOA. 

xTobotetna    ...         ...        ...         ...        ...         ...         1 

^Slomaiopora  (P)       numerous 

AmrsLiDA. 
*Snjntla  umbanata 1 

Note. — Those  marked  with  an  asterisk  (^)  have  not  be«*n 
previously  recorded  from  the  '*  Glial  k  above  the  Bur  well  Bock  *' 
of  Cambridgetihire  and  Suffolk. 

There  are  several  points  of  interest  about  this  fauna. 

(1)  llie  8pecimens  of  DUcoidea  are  of  very  unusual  size  (base 
2^  indies  in  diameter).    1  can  find  no  record  of  any  so  large  as  thiu. 

(2)  The  tubes  of  Teredo  are  very  fine  and  probably  belong  to 
a  new  species. 

(3)  The  absence  of  Bhynchouella,  although  abundant  in  the  zone  of 
B,  plena  just  above. 

(4)  No  specimen  of  Holaater  subgloboBue  has  occurred. 

(5)  H.  treeeneie  is  unusually  abundant,  the  test  being  thin,  and 
taken  with  the  rest  of  the  fauna  suggesting  deeper  water. 

(6)  Otirea  filata  here  includes  two  forms  previously  supposed 
distinct  llie  lelt  valves  are  vt^ry  abundant,  occurring  attached  to 
speoimetis  of  UolaBter,  I'hey  have  hitherto  been  erroneously  ascribed 
to  Oetrea  vesiculosa.  An  excellent  figure  may  be  seen  in  Dr.  S.  P. 
Woodward's  paper  (Geol.  Mag.,  1864,  p.  114,  Plate  V).  But  they 
have  little  resemblance  to  the  original  Ostrea  vesiculosa  from  the 
Upper  Greensand  of  Warminster  described  and  figured  in  Sowerby's 
Mineral  Conchulogy  (vol.  iv,  pi.  369)  as  Gryphaa  vesiculosa^  and 
afterwards  found  to  be  an  Of^irea,  The  right  valves  have  hitlierto 
been  referred  to  as  Avicula  filata^  a  species  described  by  Etheridge. 
Tlie  type-specimen  and  three  others,  all  from  the  Burwell  Kock  of 
Burwell,  are  in  the  Sedgwick  Museum.  I  find  it  quite  common  in 
the  Burwell  Bock  at  Ful bourn. 

In  the  monograph  of  the  *'  Cretaceous  Lamellibranchs  of  Eng- 
land" Mr.  Henry  Woods  makes  the  following  remark  on  tliiB 
species  (footnote,  p.  61,  vol.  ii,  part  2):  '*!  am  unable  to  accept 
the  generic  position  att^igned  to  this  species  by  Etheridge;  it  may 
be  an  Ostrea,** 

Though  the  left  valves  (Osirea  vesiculosa)  are  so  plentiful  I  liave 
only  found  two  right  valves  (tlie  so-called  Avictda  filata).  But  one 
of  these  is  in  position  attached  to  the  left  valve  uf  the  so-called 
Ostrta  vesiculosa,  which  is  itself  along  with  oeveral  other  left  valves 
attached  to  a  specimen  of  Holaster  trecensis, 

Mr.  Woods  has  closely  examined  these  specimens,  and  is  satisfied 
that  Avicula  filata  and  the  so-called  Ostrea  vesiculosa  are  right  and 
left  valves  of  the  same  shell. 
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This  fossil  therefore  cannot  be  called  either  AvietJa  filata  or 
Ostrea  vesiculosa^  for  in  the  former  the  generic  name  is  incorrect, 
and  in  the  latter  the  specific  name  already  belongs  to  an  entirely 
different  species  from  Warminster.  The  obvious  course  is  to  call 
it  Ostrea  filata. 

IV.   The  *  Lower  Holastbr  Zonb.' 

A  brief  comparison  of  the  values  of  the  two  Holasters  for  zonal 
purposes  may  be  made  as  follows : — 
Holaster  subglohosus, 

(1)  Does  not  often  reach  the  top  of  its  zone. 

(2)  In  the  type  locality  it  only  reaches  half  way. 

(3)  Is  sometimes  entirely  absent  from  the  zone. 

(4)  Is  generally  abundant  in  the  zone  below. 
Holaster  trecensis, 

(1)  Occurs  up  to  the  summit  of  the  zone. 

(2)  Is  rarely  absent,  but  in  Cambridgeshire  does  not  oocor  in 

the  lower  half  of  the  zone  of  B.  subglohosus. 

(3)  Is  very  rarely  found  associated  with  A,  varinns. 

Thus  neither  of  these  fossils  is  really  fitted  for  zonal  use,  and  of 
the  two,  H.  subglohosus  is  the  least  suitable.  But  a  fairly  satisfactory 
zone  might  be  defined  as  the  '  Lower  Holaster  Zone  '  by  using  the 
two  Holasters  in  partnership ;  for  one  or  other  of  them  is  nearly 
always  present  in  every  part  of  the  Chalk  which  occurs  between  the 
zone  of  A,  vartans  and  B.  plena  throughout  Britain. 

The  following  arrangement  of  the  Chalk  of  Cambridgeshire  is 
therefore  recommended  : — 

Micros fer  zones       )  Upper  Chalk  and  Chalk  Rock  and 

BolatiUr  plaum  zone  ...  j      Ilolaster planus  heda, 

Tfrcbratulina  lata  zone        ...  \ 

R.  Cnvxeri  zone        f  Middle  Chalk,  Melbourn  Rock, 

Jfioceratnus  labtatus  zone    ...  l      and  fielemnito  Marls. 


]i,  pUna  zone 

Two  Holasters  Zone 

A.  vartans  zone 


(  Chalk  with  IT.  trecensis. 
"  \  Chalk  with  U.  subglohosus. 


■■■{ 


Bur  well  Rock. 
Chalk  Marl. 
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I. — British  Association  for  the  AnvANOKMSNT  of  Soiknob. 
Sbvknty-Sixth  Annual  Gbnekal  Mketino,  held  at  York, 
August  1st  to  Sth,  1906. 

President:    Professor  E.  Rat  Lankestrr,  M.A.,  LL.D.,  D.Sc.,  F.R.S.,  F.L.S., 
Director  of  the  Natural  Uistory  Departments  of  the  British  Museum. 

List  of  Papers  Read  in  Section  0,  Geology. 

Address  by  the  President  (G.  W.  Laniplugh,  F.R.S.). 
Professor  P.  F.  Kendall. — On  the  Geology  of  the  Countiy    round 
York. 
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/.    W.   Staiher, — Report  of  the  Committee  on  Drift  Deposits  at 

Eirmington,  t^io. 
W.  G,  FeamBtdeif. — On  the  Lower  Palasozoio  Series  at  Poraeroy. 
J7.    Culpin   d    G,  Grace, — Heoent  Exposures   of  Glacial   Drift   at 

Doncaster  an<1  TickbilY. 
£,  Greenly. — Report  of  the  Committee  on  the  Crystalline  Rocks  of 

Anglesey. 
H,  Brodrick, — On  Faults  as  a  predisposing  cause  for  the  existence 

of  Pot-holes  on  Inglehorough. 
C,  G.  Dnn/ord—}i otes  on  the  Speeton  Ammonites. 
/.    ParkifMon. — The    Post-Cretaceous    Stratigraphy    of    Southern 

Nigeria. 
Profeisor    T,    W.    Fdgeworih    David,    F,R.S, — Occurrence    of    the 

Diamond  in  the  Matrix  near  Inverell,  New  South  Wales. 
Dr.  F.  K  Match.— On  the  *  Cullinan  '  Diamond. 
T.  J7.  Holland,  F.B.S. — On   a  peculiar   variety   of  Sodalite   from 

Rajputana. 
J.  Lamas,  Dr.  A.  Smith  Woodivard,  F.R.S.,  22.  C.  BeasUy. — Report 

of  the  Committee  on  the  Fauna  and  Flora  of  the  Trias. 
A.    Wilmore. — A  contribution    to  our  knowledge  of  the  Limestone 

Knolls  of  Craven. 
Professor  E.  J.  Garwood. — On  the  Faunal  Divisions  of  the  Carboni- 
ferous Rooks  of  Westmoreland. 
Dr.  Whedton  Hind. — Report  of  the  Committee  on  Life-Zones  in  the 

British  Carboniferous  Rocks. 
Dr.  A.  Vaughnn. — Report  of  the  Committee  on  the  Fannal  Succession 

in  the  Carboniferous  Limestone  of  the  South-West  of  England. 
2^.  Henry  Woodward,  F.B.S. — Arthropods  from  the  Coal-measures. 
A.  C.  Seward,  F.R.S. — The  Jurassic  Flora  of  Yorkshire. 
A.  C.  Seward,  F.2i.S. — Report  of  the  Committee  on  the  Fossil  Flora 

of  the  Transvaal. 
Professor  G.  A.  J.  Cole. — The  Teaching  of  Geology  to  Agricultural 

Scholars. 
7)r.  F.  A.  Bather. — Notes  on  the  "  Index  Animalium." 
F,  W.  Harmer. — The  Glacial  Deposits  of  the  East  of  England. 
F.  W.  Harmer. — *  Lake  Oxford  '  and  the  Goring  Gap. 
M.  B.  Cotiworth. — On  the  Continuous  Glacial  Period. 
Professor  J.  Milne,  F.B.S. — Certain  Earthquake-relationships. 
Discussion  on  the  Origin  of  the  Trias,  opened  by  Professor  T.  G. 

Bonney,  F.R.S.,  and  J.  Loraas. 
Professor   T.    W.    Edgeworth   David,   F.B.S.— ^otes   on    the   Coal- 
measures  of  N«w  South  Wales. 
Professor  J.    W.  Gregory,  F.B.S. — The  Problems  of  the  Palaeozoic 

Glaciations  of  Australia  and  South  Africa. 
Professor  E.  Hull,  F.B.S. — On  an  Artesian  Boring  for  the  Waler- 

supply  of  the  City  of  Lincoln  from  the  New  Red  Sandstone. 
Professor  T.    W.   Edgeworth   David,  F.ft.S.— Further   Note   on   the 

Occurrence  of  Diamond  in  New  South  Wales. 
-Professor  J.  W.  Gregory,  F.K.S.— Report  of  the  Committee  on  the 

Correlation  and  Age  of  South  African  Strata. 


420     Notices  of  Memoirs — Papers  read  at  British  AssodaUim. 

Professor  W.    W,    Watts,   F.fi.S.— Report  of  the    Committee    on 

Geological  Photographs. 
Dr,  H.  Johnnion-Lams, — Recent  Observations  at  Vesuvius. 
R,  D.  Oldham, — A  Criterion  of  the  Glacial  Erosion  of  Lake-lmsins. 
Rev.  W.  Lower  Carter. — Notes  on  the  Glaoiation  of  the  Dsk  ami 

Wye  Valleys. 
Professor  S.  H.  Reynolds. — A  Silurian  Inlier  in  the  £astem  Mendip. 
ProfesBor  P.  F.  Kendall. — Report  of  the  Committee  on  the  Brratiu 

Bh>cks  of  the  British  Isles. 
T.  Sheppnrd, — On  a  Section  of  a  Post-Glacial  Deposit  at  Hornsea. 
W.  H.   Crofts  d  Professor  P.  F.  KendcUL-^The  Plain  of  Marine 

Denudation  beneath  the  Drift  of  Uolderness. 
Professor  S,  H.  Re^iolds. — Igneous  Rocks  of  the  district  south-west 

of  Dolgelly. 
Pro/e»8or  S.  If.  Reynolds. — A  Picrite  from  the  Eastern  Mendips. 
/.  Lomas. — On  the  form  of  Carbonate  of  Lime  in  Pearls  and  the 

Pearl  Oyster. 

Titles  of  Papers  read  in  other  Sections  bearing  upon  Geology  : — 
Section  A. — Mathematical  and  Phtsioal  Sgienos. 

Address  by  the  President  (Principal  E.  H.  Griffiths,  So.D.,  F.R.S.). 

Reports  of  Connniltees. 

Major  E.  If.  ITtlls,  C.M.O.,  d  Professor  J.  Larmor,  See.  &&— Tlie 

Irregular  Motions  of  the  Earth's  Pole:  a  preliminary  graphical 

Analysis  of  their  causes. 
The  Hon.  R.  J.  Strutt,  F.R.S.,  opened  a  discussion  on  Radio-activity 

and  the  Internal  Structure  of  the  Earth. 

Section  B. — Chemistry. 

0,  Beilhy. — The  Crystallisation  of  Gold  in  the  Solid  State. 
T.  Jamiesouy  F.LC. — Utilisation  of  Nitrogen  in  Air  by  Plants. 

Section  D. —  Zoology. 

Address  by  the  President  (J.  J.  Lister,  M.A.,  F.R.I.). — The  Life- 
history  of  the  Foraniiuifera. 

Professor  Gary  N.  Cnlkhis, — 'I'he  Protozoan  Life  Cycle. 

Rt»port  of  the  Committee  on  Naples  Zooh>gical  Station. 

Report  of  the  Committee  on  '*  Index  Aiiinialium." 

Report  of  the  Committee  on  Development  of  Ophiuroids,  etc.,  at 
the  Marine  Laboratory,  Plymouth. 

Professor  E.  A,  Minehin. — Spioule-Formation. 

Dr.  C.  W.  Andrews,  F.i2.5.— The  Milk  Dentition  of  the  Primitive 
p]lephant8. 

Arnold  T.  T7a/»ow.— The  Habits  of  Tul)e-l.uiMing  Worms. 

J.  E.  S.  3f 00 »•<?.  — Ilalolimnic  Faunas  and  tlie  Tanganyika  Problem. 

A.  D.  Darhishire.  —  Preliminary  note  on  a  New  Concoption  of 
Segregation. 

Section  E.— Geography. 

Address  by  the  President  (the  Right  Hon.  Sir  G.  T.  Goldie,F.R.S.).— 

Geography  and  Geology. 
Clement  Reid,  F.R.S. — Changes  on  the  Coasts  of  the  British  Isles. 
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J.  Stanley  Oardiner, — Report  of  the  Oominittee  for  Investigations  in 

the  Indian  Ooean.     The  Chagos  Islands,  Indian  Ocean. 
J.  Parlcin$on, — The  Structure  of  Southern  Nigeria. 
John  Thomson. — Geographical  Photography. 
It.  N.  Rudmose  Brown, — The  Geography  of  the  South  Orkneys  and 

other  parts  of  the  Antarctic  Region. 
Professor  A.  B.  Maeallum,  F,B,8, — Report  of  the  Committee  on  the 

Quantity   and  Gompusition  of  Rainfall  and  of  Lake  and  River 

Discharge. 
Professor    W.  B.  Bottomley. — The    Limestone   Caves  of  Western 

Australia. 

Skctton  H. — Anthropology. 

Rpport  of  the  C(»minittee  to  Investigate  the  (Prehistoric)  Lake- 

Villa);e  at  Glastonbury. 
J.  B.  Mortimer. — On  the  Relative  Stature  of  the  Men  with  Long 

Heads,  Short  Heads,  and  those  with  Intermediate  Heuds,  in  the 

Museum  at  DrifiBeld. 
Harold  Brodrick  d  G.  A.  Hill, — On  a  recently  discovered  Skeleton 

in  Sooska  Cave,  Littondale. 
F.   W.  RudUr,  1.5. 0.  — The  'Red  Hills'  of  the  East  Coast  Salt 

Marshes. 
Miss  Nina  F.Zayard. — A  Winter's  Work  on  the  Ipswich  Palasolithio 

Site. 
Beo.  R.  Seott'Oatty. — Pygmy  Flints  from  Yorkshire  and  Lincolnshire. 
Report  of  the  Committee  to  conduct  Explorations  with  the  object  of 

ascertaining  the  Age  of  Stone  Circles. 

Section  K. — Botany. 

Address  by  the  President  (Professor  F.  W.  Oliver,  M.A.,  F.R.S.).— 

The  Seed  a  Chapter  in  Evolution. 
Reports  of  the  Committees  on  Botanical  Photographs,  on  Peat  Moss 

Deposits,  and  on  the  Structure  of  Fossil  Plants. 
C.  E.  Mo88,  M.8e. — Succession  of  Plant- Formations  in  Britain. 
Dr.  D.  H,  Scott. — Some  Aspects  of  the  Present  Position  of  Palaoozoio 

Botany. 
l'rofe$sor  F.  E.  Weiss. — On  the  Occurrence,  Distribution,  and  Mode 

of  Foriuati(m  of  the  Calcareous  Nodules  found  in  Coal-seams  of 

the  Lowor  Ooal-measmes. 
Miss  M.   C.  Stapes,   D.Sc.y  Ph.D. — On    the    *  Goal -balls '    found    in 

Coal-seams. 
Pi'ofessor  F.  E,  Weiss, — A  Slitjmaria  of  unusual  type. 


II. — British  Association  for  the  Advanoebibnt  of  Science. 
Meeting  at  York,  August  Ist  to  8th,  1906.  Papers  bead 
BEFORE  Section  C,  Geology. 

The  Lovveb  PALiBozoio  Rocks  of  Pomkroy.     By  William  G. 

Feabnsides,  M.A.,  F.G.S. 
The  Pomeroy  district  was  originally  monographed  by  Portlock 
between  1838  and  1845,  and  has  Kitioe  been  neglected.     Its  lower 
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Palsaozoio  succession  includes  both  Ordovician  and  Silarian  rocks, 
and  rests  unconformably  upon  a  much  older  series  of  honiblendio 
and  pyroxenic  gneisses  and  schists,  into  which  massee  of  granite 
were  intruded  in  pre-Silurian  time. 

TLe  succession  may  be  tabulated  as  follows  :«- 

C.  CoRRYCROAR  Group  :  Taraunon  (Gala  Fades)  : — Variable 
green  and  grey  flags  and  shales  with  purple  and  green  grits  and 
conglomerates.     {IJndivided,) 

B.  LiTTLK  HivKR  Group  :  Llandovery  (Birkhill  Faoies) :  Liuie 
Hill  Beds : — Black,  blocky,  micaceous  mudstones,  with  light-coloured 
calcareous  bands.  Zone  of  Monograptua  Sedgwickii  with  snbzone  of 
Fetalograpti. — Mullaghnabuoyah  Beds: — Variable  grey  shales  and 
flaggy  shales  with  pyritous  spots  and  a  few  dark  hands.  Zone  of 
MonograpUiB  triangulatus  (sp.  ?). — Eden  vale  Beds : — Smooth,  grey 
shales  with  black  mudstone  bands.  Z(me  of  Monograpins  tenuis. — 
Upper  Slate  Quarry  Beds: — Dark  cubuidal  mudstones,  hard  and 
caloareou8.  Zone  of  the  Dimorphograptt. — Lower  Slate  Quarry 
Beds:— Soft,  blue-grey,  papery,  micaceous  flags.  Zone  of  Dtplo- 
graptus  modc«<ti».— Crocknagargan  Beds: — Smooth,  grey,  pyritous 
shales.     Zone  of  Cephalograptus  aeuminatua. 

A.  Dksertgreate  Group:  Ashgillian  Drummuck  Faoies: 
Upper  Tirnaskea  Beds: — Smooth,  banded,  green  and  dark  mud- 
stones.  Zone  of  DicellograptuB  anceps, — Lower  Tirnaskea  Beds : — 
Tough,  blocky,  calcareous  grits.  Zone  of  DicellograptuB  complanatus 
and  Phacopa  mucronntus, — Upper  Killey  Bridge  Beds: — Soft,  cal- 
careous, grey  mudHtoues,  with  Remopleuride»  and  IHplograptus 
iruncatus.— how er  Killey  Bridge  Beds: — Soft,  ferruginous  blue  or 
yellow  niudstones,  with  many  Trinucleus  and  Ampyx, — Upper 
Bardahessiag  Beds : — Hard  and  calcareous  flags  and  grits  with 
ZichaSf  Phncops  hibemicuSf  Staurocephalus,  etc.,  and  Strophomenn, — 
Lower  Bardahessiag  Beds : — Softer,  uncompacted  grits,  sandstones, 
and  conglomerates,  with  large  Strophomena  and  occasional  Orthis, 

The  Desertcreate  Group  finds  its  closest  pamllels  in  the  Drummuck 
Beds  of  Girvan,  while  the  Little  River  Group  is  most  like  the 
Birkhill  shales  of  Moifat.  The  whole  series  is  overlain  uncon- 
formably by  the  Dingle  Beds  of  the  local  Old  Red  Sandstone,  and, 
with  the  foriiiHtioii,  has  heen  folded  into  a  remarkable  series  of 
shallow  isoclines  trending  a  little  south  of  east  and  north  of  west  and 
having  a  general  southerly  pitch.  The  total  thickness  of  Desertcreate 
and  Little  River  Groups  together  does  not  exceed  500  feet. 


I^  E  ^V^  I  E  "W"  S. 

L  —  Elements  op  Mineralogy.  By  Frank  Rutlky,  F.G.S. 
Fourteenth  edition,  revised  and  corrected.  Demy  8vo;  pp.  251, 
viii.     (London  :  Thomas  Murby  &  Co.) 

rilHIS  little  hook  forms  one  of  the  series  of  textbooks  issued  by 

±_      the  pnhlishers  to  meet  the  reciuirements  of  the  Science  and  Art 

Department,  and  its  popularity  is  sufficiently  indicated  by  the  fact 
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that  a*  fourteenth  edition  has  been  called  for.  It  treats  in  concise 
and  simple  style  of  the  properties  and  characters  of  niineralH,  and 
is  suited  to  the  needs  of  those  who  desire  to  acquire  sufficient 
knowledge  to  enable  them  to  identify  any  specimen  that  may  come 
into  their  hands,  and  are  not  ooncerned  with  the  more  abstruse 
questions  underlying  the  phenomena  of  crystallisation.  In  the 
present  edition  the  discussion  of  the  optical  properties  is  based  on 
the  ideas  put  forward  by  Mr.  L.  Fletcher  in  his  *'  Optical  Indicatrix," 
and  an  excellent  chapter  on  radio-active  elements  has  been  added  by 
Mr.  £.  H.  Adye.  The  author  completed  the  revision  of  the  proof- 
sheets  only  just  before  his  lamented  death  in  1904. 


II. — Annals  of  thb  South  Afktoan  Muskum.  Vol.  IV,  Part  4: 
The  Trilobites  of  the  Bokkeveld  Beds.  l»y  Philip  Lakr,  M.A., 
F.G.S.  8vo;  pp.  201-220,  with  5  plates  and  I  text-figure. 
(West,  Newman,  &  Co.,  London,  1904.) 

AS  far  back  as  1856  J.  W.  Salter  gave  an  account  of  the  Trilobites 
of  the  Bokkeveld  Beds  as  an  appendix  to  Bain's  paper  <'0n 
the  Geology  of  South  Africa"  (Trans.  Qeol.  Soo.,  ser.  ii,  vol.  vii), 
since  which  time  but  little  has  been  added  to  our  knowledge  of 
these  South  African  forms.  Dr.  II.  Woodward  described  (1873) 
a  remarkable  species  from  the  Cock's-comb  Mountains  (Q.J.G.S., 
vol.  xxix),  and  Dr.  French  (1B97)  figured  a  JJomalonotus  which  he 
believed  to  be  new  (Lethcca  Geognostica,  Th.  i,  B»l.  ii,  Lief.  1). 

The  fine  collection  here  described  includes  i^  number  of  new  forms, 
of  which  by  far  the  most  remarkable  is  the  gigantic  Homalonotus 
colosstu,  sp.  nov. 

The  author  has  fortified  his  views  as  to  the  affinities  of  the  species 
he  has  described  by  examining  the  Kpecimens  in  the  British  Museum 
and  in  the  Museum  of  the  Geological  Society  of  London,  which 
contain  Salter's  types. 

'ilie  following  species  are  recognized  and  described  : — 

Phaeopx  pupillux,  sp.  nov.  Dulmamtea  ItinatHx,  Pp.  nov. 

PA.  arbntens^  sp.  nov.  J  fa/man  tits  sp. 

Ph.  crista-gdlii  (H.  Woodw.).  l*io*fHs  malactin,  sp.  nov. 

Ph,  Africanuif^  Salter.  T>iphh>nisci4H  Jiaint,  Suiter. 

PA.  ocdluSy  sp.  nov.  Homalonotus  llnsihtli,  Murch. 

PA.  impressusy  sp.  nov.  Jf.  qutruiis^  sj).  nov. 

PA.  {Cryph(£U9)  caffei\  Salter.  7/.  coloasu.Sj  sp.  uov. 

Phaeops  (?)  sp.  J[.  sp. 

The  presence  of  a  true  Ciyphcdus  unii  of  wpiny  forms  of  IIomaUmotuB 
indicates  that  the  beds  may  be  referred  with  certainty  to  the 
Devonian,  and  probably  to  the  lower  division  of  that  formation. 

Few  of  the  forms  have  any  very  near  allies  in  Europe.  The 
Phacopidje  are  more  closely  allied  to  the  forms  described  from 
Brazil  by  J.  M.  Clarke  and  from  Bolivia  by  A.  Ulrich  than  to  any 
European  ones.  A.  IL  F. 


.424 


BmewB — Cambrian  Faunas  of  China. 


UppfiR  Cambbian 
(Cli'au-mi-tieii  formation) 


Middle  Cambrian 
(Ku-t}han  formation) 


III. — Cambrian  Faunas  of  China.  By  Charugs  D.  Waloott. 
From  Pi-oceedings  United  States  National  Maseaniy  vol.  xxx, 
pp.  563-595.     8vo.     (Washington,  1906.) 

rpHIS  is  the  second  preliminary  paper  on  the  Cambrian  Faunas  of 
X  China.  In  the  first  paper  (Proo.  U.S.  Nat  Mas.,  xxix,  Sept., 
1905,  pp.  1-106)  a  historical  introduction  was  given  along  with 
a  list  of  the  species  known  at  the  time  of  publication. 

During  the  summer  of  1905  a  oollection  made  by  Mr.  Eliot 
Blackwelder  was  received,  which  came  chiefly  from  the  provinoes  of 
Shen-si  and  Shan-si.  This  collection  has  afforded  a  number  of  new 
species,  but  has  not  added  otherwise  to  the  knowledge  of  these 
faunas  already  acquired  except  as  to  the  occurrence  of  the  genus 
Co9cinocyaihu8. 

The  full  report  is  expected  to  be  published  before  the  olose  of  the 
present  year  (1906). 

The  association  of  genera  and  species  is  given  in  the  list  below 
(all  the  species  are  new)  :^' 

Brachiopoda : 

DtMeinopsis  tuleaius, 
TriloMta : 

Anomocaret  spedee  nndetennined. 

Anomocarella  irtna, 

Ptyeha$pi9  heUa, 

TTrilobita: 

-|      Blaekwelderia  eUix,  Waloott. 
*  \     Affraulot  regnlarit, 

Anthozoa : 
/      Co9citvt€yathu9  elvira, 
Brachiopoda : 

Oboius  {Lwgulepi$?)f  spedes  undetermined. 

Yorkia?  orifntalU, 

Orthis  (Pl^ctorthis)  agreitte^  0,  (P.)  Kiehauenm, 
0.  {P.)  species  undetemuned. 
Gasteropoda : 

Scenella?  dilatatua, 

Platyeercu  WUIm. 

StenotheeaY?  timplex,  * 

Trilobita : 

Dorypyge  Riehthofeni  lavu. 

Agrauloa  armatuSf  A.  nitida,  A.  obscura^  A. 
uta,  A,  vicina. 

Agraulos  (t)  ^  capax,  A,  (?)  melie, 

Anomocare  Bigsbyiy  A.  eriopiay  A.JIava* 

Anomocarella  contigua. 

Ptychoparia  eomm^  P,  in/tata^  P.  lilia^  P.  nerru^ 
P.  undata^  P.  vetta,  P.  species  undetermined. 

Ptychoparia  (?)  matVi. 

Ptychoparia  {Liostraau)  inttrmediaf  P.  (X.) 
9tibrngosa, 

SoUiioplcura  pauperata. 

Dolichotn^topuM  hyrie. 

The  fauna  of  the  Eu-shan  shale  includes  species  of  DameseVa, 
Dorypyge,  and  genera  t)mt  are  typical  of  the  Middle  Cambrian  fauna, 
while  the  fauna  of  the  Ch'au-mi-tien  limestone,  above  the  Ku-shau 


> • ...... ..t 


Middle  Cambrian  / 

(Ch*un|jf-liia  (Ki-ch6u)  fonnation}\ 


\ 


Interrogation  points  within  parentheses  indicate  undetermined  subgenera. 
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sliale,  18  more  nearly  related  to  tbat  of  tbe  Upper  Cambrian  of  North 
America  and  North- Western  Europe.  A.  H.  F. 

[Note. — In  connection  with  the  Cambrian  fauna  of  China  we  may 
refer  our  readers  to  two  papers :  (1)  by  Mr.  G.  C.  Crick,  **  On  some 
8traigbt-8helle<1  Nautiloideaof  Canibro-Silurian  age  from  Shantung,*' 
Gbol.  Mao.,  1903,  pp.  481-485.  PI.  XXII  and  Figs.  1-3;  (2)  by 
IL  Woodward,  *'  Trilobites  from  the  Upper  Cambrian  of  Shantung,'* 
Gbol.  Mag.,  1905,  pp.  211-215,  and  pp.  251-255,  PI.  XIII,  and 
Figs.  1,  2.— Edit.  Gkol.  Mag.] 


IV. — Gkolooioal  Subyst  of  India.  General  Reports  (a)  for  the 
period  April,  1903,  to  December,  1904;  (5)  for  tbe  year  1905. 
By  T.  H.  Holland,  F.R.S.,  Director.  Records,  vol.  xxzii, 
parts  3,  4;  vol.  zzxiii,  parts  1-3.     8vo.     (Calcutta,  1905-6.) 

rpHE  Director's  Reports  show  tbe  very  considerable  amount  of 
J.  work  carried  on  by  tbe  Survey  under  his  supervision,  and  tbe 
efficient  manner  in  which  it  is  administered.  Much  is  done  in 
connection  with  the  economic  functions  of  geology  as  well  as  in  its 
more  strictly  scientific  sphere.  We  may  refer  in  the  former  con- 
nection to  inquiries  relating  to  the  -  occurrence  of  coal  in  beds  of 
Tertiary  age  in  the  Jamma  State  (Rec.  xzxii,  4),  and  to  the  solution 
of  engineering  problems,  which  depend  on  the  nature  of  local 
geological  formations ;  these  include  questions  relating  to  tunnelling 
and  landslips,  the  effects  of  railway  cuttings  on  hill-slopes,  and 
other  kindred  subjects.  Much  attention  is  also  bestowed  upon 
ecf)nomic  minerals  and  water-supply.  In  tbe  scientific  field  of 
investigation  additions  are  made  from  time  to  time  to  that  magnificent 
series  of  scientific  memoirs  known  as  the  Falaontologia  ludica,  in 
which  the  most  skilled  observers  of  whatever  nationality  take  part. 
Pal  aeon  tological  contributions  of  less  bulk  and  importance  find 
a  place  in  the  " Records."  Among  these  are  tbe  following:  '* Notes 
on  the  Anthracolithic  Fauna  from  the  Mouth  of  tbe  Subansiri  Gorge, 
Assam,"  and  "Tbe  Triassic  Fauna  of  the  Tropites-Limestone  of 
Byans,  Central  Himalayas  of  Eumaon,"  both  by  Professor  C.  Diener, 
of  Vienna.  Tbe  last-named  paper  will  appear  in  an  extended  form 
in  the  FalaoHtologia  Indica,  Mr.  G.  E.  Pilgrim  contributes 
a  paper  "  On  the  oocurreikce  of  Elephas  anttqinu  {Namadtcua)  in  tbe 
Godavari  Alluvium."  Both  papers  are  contained  in  tbe  '*  Records," 
zxxii,  pt.  3. 

In  tbe  General  Report  by  the  Director  for  1905  we  find  first 
a  description  of  the  routine  work  of  tbe  museum  and  laboratory,  and 
then  a  summary  of  publications  in  progress,  and  other  matters 
coming  within  tbe  scope  of  the  Survey.  Among  palseontological 
papers  is  one  by  Mr.  F.  R.  Cowper  Reed  on  the  fossils  of  Lower 
Palsdozoic  age  from  the  Northern  Shan  States,  with  deKcriptions  of 
the  Cystideans  by  Dr.  F.  A.  Bather,  and  of  the  Graptolites  hy  Miss 
G.  L.  Elles,  D.Sc.  Professor  C.  Diener's  services  are  a^ain  in  request 
to  describe  the  Triassic  fossils  collected  by  Mr.  E.  Vredenburg  in 
ebales  occurring  in  tbe  Pinbhin  district  of  Baluchistan.    The  fossils 
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(MonottB  and  ffalorites)  indioate  the  correlation  of  these  beds  with  tbe 
Jl/ofio/ta-beds  of  Spiti  and  the  Alaunic  (Middle  None)  sub-stage  of 
the  Alpine  Upper  Trias. 

An  exhanstive  memoir  on  the  Foraminifera  of  the  Indian  Tertiary 
by  Mr.  Yredenburg  is  to  appear  in  the  Palacntologia  Imdim, 
The  Niimmulitio  fauna  is  said  to  be  a  very  rich  one,  nearly  all  the 
most  important  types  being  represented  in  it.  Many  interesting 
points  relating  to  the  zoological  aspects  of  tlie  group  will  also  be 
bronght  to  light 

Mr.  Fermor's  petrological  studies  of  the  Deocan  Trap  formation 
point  to  the  important  conclusion  that  the  basalts  and  rhyolites  of 
Pavagad  Hill  (Bombay)  are  genetically  related  to  one  another. 

Under  **  Seismology  "  special  reference  is  made  to  the  destniotiTe 
earthquake  in  the  Kangra  valley  on  the  4th  April,  1905.  A  com- 
pilation of  the  results  of  inquiries  relating  to  it  that  were  set  on  foot 
by  the  Survey  immediately  after  the  event  is  published  in  vol.  xxxii 
of  the  "  Records."  A.  H.  F. 


PROFESSOR   J.    F.    BLAKE,    M.A.,    F.G.S. 

Born  April  3,  1839.  Died  July  7,  1906. 

Thk  Rev.  John  Fredkrick  Blake,  M.A.,  F.G.S.,  who  died  on 
July  7th,  1906,  at  his  residence,  35,  Ilarlesden  Gardens,  N.W.,  was  bom 
at  Stoke-next-Guildford  on  the  3rd  April,  1839;  he  was  son  of  the 
Rev.  Robert  P.  Blake,  and  married  in  1866  the  youngest  daughter  of 
the  Rev.  F.  F.  Uaslewood,  Rector  of  Smarden,  Kent.  J.  F.  Blake 
was  educated  at  Clirist's  Honpital,  London,  gaining  the  first  prize 
medal  in  Mathematics  in  1852,  and  at  Cains  College,  Cambridge, 
where  he  was  Senior  Scholar  and  Prizeman  in  various  subjects, 
and  a  pupil  from  1859-1862  of  the  illustrious  Professor  Sedgwick. 
In  1862  he  took  his  B.A.  degree  as  fifteenth  Wrangler,  and  was  first 
of  that  year  in  the  Natural  Science  IVipos.  In  the  same  year  he 
edited,  in  conjunction  with  the  late  Preben^lary  W.  A.  Whitworth 
and  otiier  representatives  of  Cambridge,  Oxford,  and  Dublin 
Universities,  a  journal  known  as  the  Messenger  of  Mathematics^ 
jnoinoted  to  encourage  original  investigation,  and  to  unite  in 
style  and  selection  of  nuljects  the  three  schools,  with  the 
view  of  forming  an  nndiviiied  English  School  of  Mathematics. 
Ordained  at  Lincoln  Cathedral,  Blake  became  Curate  of  Lenton, 
Nottingham,  1862-4,  and  subsetpiently  held  for  a  short  period  the 
curacy  of  St.  Mary's,  Bryanston  Square,  London.  In  1865  he  was 
appointetl  Malliematical  Master  and  Assistant  Chaplain  at  St.  Peter*s 
School,  York,  where  he  remained  for  nine  yeai*8.  Among  his 
pupils  who  have  since  distinguished  themselves  may  be  raentione*! : 
the  Rev.  P.  Braithwaite,  aj)j)ointed  Dean  of  Jersey  1888;  H.  Tom- 
linson,  F.R.S. ;  A.  T.  Pollard.  Head  Master  of  the  City  of  London 
School;    G.  U.  Pickersgill,  M.P.;    W.  Y.  Fuusset,  Head  Master  of 
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Ripon  School ;  and  Dr.  Alan  Gray,  the  eminent  musician  and  organist 
>f  Trinity  College,  Cambridge.  In  1874  he  gave  up  clerical  work 
in  order  to  devote  himself  specially  to  science,  and  left  York  for 
London.  Soon  afterwards,  at  the  request  of  Professor  Hughes,  of 
dambridge,  he  undertook  the  Science  Lectures  for  a  term  at 
^berystwith  College.  From  1876  to  1880  Blake  was  Lecturer  on 
(Comparative  Anatomy  at  Charing  Cross  Hospital,  and  in  1878-9 
he  delivered  the  course  of  lectures  on  the  same  subject  at  King's 
College  for  the  late  Professor  A.  H.  Garrod.  He  was  an  Examiner 
for  the  Civil  Service  Commission  in  Geology  and  Mathematics,  and 
Tor  many  years  Assistant  Examiner  in  Physiography  for  the  Science 
and  Art  Department.  Until  quite  recently  he  was  an  Honorary 
Examiner  in  Geology  to  the  City  of  London  College,  Moorfields. 
In  1877  Blake  was  awarded  by  the  Council  of  the  Geological  Society 
the  *  Murchison  Fund,'  in  rect>gnitioii  of  his  original  researches, 
chiefly  in  Palfleontology  and  Stratigrnphical  Geology. 

The  Government  Grant  Committee  recommended  Professor  Blake 
Tor  several  grants  in  aid  of  his  work  on  the  British  Palsdosoio 
Cephalopoda,  and  also  in  aid  of  stratigraphical  researches  on  the 
Jurassic  rocks  of  the  Continent  as  compared  with  those  of  Britain. 

In  1880  he  was  appointed  Professor  of  Natural  Science  at  University 
College,  Nottingham,  and  Curator  of  the  Museum,  where  he  remained 
for  eight  years.  Here  he  inaugurated  and  became  first  President 
of  the  Students'  Association,  and  editor  of  the  College  "  Record."  In 
1888  he  again  removed  to  London,  and  soon  became  actively  engaged 
in  bringing  out  the  "  Annals  of  British  Geology,"  which  ran  into 
four  volumes,  1890-1893.  Owing  to  his  acceptance  of  an  appoint- 
ment to  equip  and  arrange  the  State  Museum  at  Baroda,  he  was 
obliged  to  relinquish  this  work,  and  in  the  winter  of  1895  he  sailed 
Tor  India.  It  was  during  his  temporary  absence  from  England  that 
lie  met  with  the  great  calamity  of  his  life  in  the  loss  of  his  wife, 
which  occurred  when  they  had  been  parted  only  two  months. 

In  recognition  of  the  valuable  services  remlered  to  Geology 
And  PalsBontology  during  a  period  of  almost  a  quarter  of  a  century, 
he  was  in  1895  awarded  the  Lyell  Medal  by  the  Council  of  the 
Geological  Society.  In  1891-2  he  was  President  of  the  Geologists' 
Association,  and  at  the  time  of  his  death  a  Vice- President.  He  was 
Blected  President  of  the  Metropolitan  Scientific  Association,  1889,  and 
ttf  the  London  Amateur  Scientific  Society,  1890  and  1891.  Professor 
Blake  conducted  many  excursions  of  the  Geologists' Association ;  and 
the  enthusiasm  and  vigour  wbicli  he  di8{>layed  were  remarkable.  He 
served  on  the  Council  of  the  Geological  Society,  and  was  for 
Bome  time  Editor  of  the  Proceedings  of  the  Geologists'  Association. 
As  a  member  of  the  International  Geological  Congress,  he  attended 
the  meetings  held  in  Philadelphia,  London,  Switzerland,  and  Russia. 
ki  the  London  meeting  of  18b8  he  conducted  a  party  of  the  members 
through  North  Wales  and  over  Snowdon.  He  seldom  niiwsed  the 
meetings  of  the  British  Association,  and  read  many  papers  in  the 
Seological  Section.  Professor  Blake  was  present  at.  the  Montreal 
ueeting  in  1884,  and  undertook  by  himself  a  difficult  ^ourue^  <» 
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the  Hooky  Mountains.  His  impressioiiB  of  tbe  distriot  are  einbo«lied 
in  a  paper  read  at  the  meeting. 

The  more  noteworthy  of  Professor  Blake's  contribotions  to 
geological  science  were  those  on  the  Kimraeridge  Clay  and  Portland 
lieds,  and  that,  prepared  conjointly  with  Mr.  Hudleston,  on  the 
Ck)rallian  rocks — papers  that  have  become  classic  in  the  literature  of 
British  geology.  It  is  much  to  be  regretted  that  the  monograph  on 
the  Fauna  of  the  Combrash,  on  which  he  was  engaged  up  to  tbe  time 
of  his  death,  was  not  completed  by  the  author. 

Biake  was  not  averse  to  geological  battles,  and  be  entered  into 
sundry  controverted  matters  with  oharaoteristio  energy,  bat 
occasionally  with  more  zeal  than  discretion.  Thus  he  dealt  with 
(what  were  at  the  time)  the  thorny  subjects  of  the  Pre-Cambrian 
rocks  of  St.  Davi<rs,  the  North-West  Highland  problems,  the 
Oligocene  of  the  Isle  of  Wight,  and  the  older  rocks  of  North  Wales. 

With  regard  to  Professor  Blake's  work  in  Anglesey,  one  who  has 
had  occasion  to  follow  it  in  detail  writes: — It  seems  hardly  to 
have  met  with  the  reoognition  that  it  deserves.  That  he  erred  on 
certain  points  is  true,  but  in  regions  such  as  Anglesey  who  has  not? 
The  "  Monian  System  "  did  not,  indeed,  find  general  acceptance,  hut 
what  Pre-Carahrian  system  has  ?  On  the  other  hand,  his  principal 
sub-divisions,  as  such,  hold  good  for  the  most  part  He  discovered 
the  Glaucophane  Schist.  He  discovered  the  YHriolite.  These  faoti 
alone  are  enough  to  show  how  great  an  advance  his  work  represent! 
in  our  knowledge  of  the  older  rooks  of  Anglesey. 

He  leaves  a  family  of  three  sons  and  one  daughter  to  mourn  Lis 
lusSf  the  eldest  of  whom  is  Denionstmtor  of  Chemistry  in  Queen's 
College,  Belfast,  and  a  Public  Analyst  in  Ireland. 

Fublieations. 

*'  A  Catechism  of  Zoology."     12mo  ;  London,  1873. 

*'  The  Yorkshire  Lias.^'     8to  ;   London,  1876.    (In  conjunction  with  ProfeflBor 

Ralph  Tate.) 
*'  Astronomical  Myths.*'    8to  ;  London,  1877.     (Based  on  Flamniarion*8  History  of 

the  Heavens.) 
**  The  Geological  Results  of  Arctic  Exploration.*'     12mo ;  London,  1878. 
**  A  Monograph  of  British  Fossil  Cephalopoda.'*     4to ;  London,  piut  i,  1882. 
'*  Catalogue  of  the  Collection  of  Metallurgical  Specimens  formed  by  the  late  Johs 

Percy,  Esq.,  M.D.,  F.R.S."     8vo  ;  Ixmdon,  189-2  (Ejt©  &  Spottiswoodo). 
•'  Annals  of  British  Geology."     4  vols.,  1890-93  ;  liOndon  (Dulau  &  Co.). 
**  Catalogue  of  Typo-  and  other  Specimens  in  the  Museum  of  the  Geological  Society." 

Svo;  Lumlun,  1902. 
**  A  Monograph  of  the  Fauna  of  the  Combrash,"  part  1 ;  Monogr.  Palieont.  Soc.  b9 

(1905),  pp.  I-IOO. 

List  of  Scientific  Paper*  and  Memoirt, 

♦*The  Red  Chalk":   Proc.   Yorkshire  Nat.   Club,   1869   (1870);    Gbol.   Mag., 

Vol.  VII,  p.  300. 
''The  Yorkshire  lias  and  the  Distribution  of  its  Ammonites " :  Brit.  Assoc.  Rep., 

vol.  xli  riN71),  pp.  90-92. 
**  On  the  Infralias  in  Yorkshire  "  :  Gkol.  Mao.  (1872),  p.  137  ;  Quart.  Joum.  Geol. 

Soc,   vol.   xxviii   (1872),   pp.    132-146;     PhU.    Mag.,   vol.   xliii    (1872), 

pp.  543-044. 
''Additional  Remains  of  Pleistocene  Mammals  in  Yorkshire":  Brit.  Assoc.  Rep.^ 

vol.  xliii  (1873),  J).  75. 
"  On  the  Oldest  known  British  Trigonia  " :  Geol.  Mao.  (1873),  p.  186. 
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Nofte  on  the  Bed  Chalk  in  Yorkshire" :  Obol.  Mao.  (1874),  pp.  362-H61. 

On  the  Kimmeridge  Clay  of  England":  Geol.  Mao.   (1875),  p.  136;  Quart. 

Jonm.  Geol.  Soc.,  vol.  xxii  (1875),  pp.  196-233. 
On  the  Silurian  Formation** :  Geol.  Mao.  (1876),  p.  134. 
On  the  Motion  of  Glaciers'* :  Geol.  Mao.  (1876),  pp.  493-499. 
On  the  Yorkshire  Lias  '* :  Geol.  Mao.  (1876),  p.  511. 

On  JEUnulina  Surbyaua'' :  Monthly  Micros.  Joum.,  vol.  xv  (1876),  pp.  262-264. 
On  the  Corallian  Rocks  of  England**  (in  conjunction  with  W.  H.  Hudleston, 

Esq.):   Quart.  Joum.  Geol.  Soc.,  vol.  xixiii  (1877),  pp.  260-406;    Thil. 

Mag.,  vol.  iii  (1877),  pp.  154-166. 
History  of  the  Reetoration  of  Extinct  Animals  "  (1877) :  Geol.  Assoc.  Proc.,  vol.  v 

(1878).  pp.  91-103. 
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On  the  Homologies  of  the  Cephalopoda** :  Ann.  Mag.  Nat.  Hist.,  vol.  iv  (1879), 

pp.  303-312. 
On  Geological  Episodes" :  Brit.  Assoc.  Rep.  (1879),  pp.  335-336. 
On  the  Portland  Rocks  of  Enghind  ** :  Grol.  Mao.  (1880),  p.  89  ;  Quart.  Joum. 

Geol.  Soc.,  vol.  xxxvi  (1880),  pp.  189-235. 
Note  BUT  rage  du  gr^  de  Chfttillon** :  Paris  Soc.  G6ol.  Bull.,  vol.  viii  (1880), 

pp.  640-642. 
The  Portland  Building  Stone  *' :  PopuUr  Sci.  Review,  vol.  xix  (1880),  pp.  205-212. 
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Mao.  (1887),  pp.  629-531 ;  Brit.  Assoc.  Rep.  (1887),  p.  716. 
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*  A  General  Sketch  of  the  Geologv  of  Carnarvonshire  and  Anglesev  *' :  G«ol.  Assoc. 

I'roc.,  vol.  xii  (1892),  pp.  358-378. 
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'On  Spoiadic  Glaciation  in  the  Uarlech  Mountains**:  Brit.  Assoc.  Rep.  (1894), 

pp.  6.59-060;  Gkol.  Mao.  (1894),  p.  510. 
'On  the  Mechanics  of  an  Ice  Slioet":    Brit.  Assoc.  Rep.   (1894),  pp.  661-662; 

Geol.  Mao.  (1894),  ]).  511. 
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'  Sur  la  Distribution  des  Fossiles  non  seulement  en  Zones  mais  aussi  en  Provinces  *' : 

C.R.  CongR-s  Geol.  International,  vol.  vii  (1899),  pp.  175-178. 
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(1900),  p.  744  ;  Gkol.  Mag.  (1900),  pp.  471-473. 
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*  On  a  remarkable  liilit;r  among  the  Jurassic  Rocks  of  Sutherland,  and  its  tKariu*" 

on  the  Origin  of  Breccia-beds**  :  Quart.  Joum.  Geol.  Soc,  vol.  Iviii  (1902), 
])p.  290-312. 
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"On  the  Original  Form  of  Sedimentary  DepoBits":    Brit.  Assoc.  Rep.  (1902), 

pp.  603-604  ;  Geol.  Mao.  (1903),  pp.  12-18  and  72-80. 
"Notes  on  the  species  *  Am.  piieatilis  *  and  *  Am.  biplez  '  of  Soweiby  "  :  Gbol.  Mao. 

(1904),  pp.  162-166. 
"The  Silurian  Cephalopoda"  :  Geol.  Assoc.  Proc.,  vol.  xviii  (1904),  pp.  451-454. 
"  On  the  Order  of  Succession  of  the  Manx  Slates  in  their  Northern  llalf ,  and  ita 

bearing  on  the  Origin  of  the  Schistose  Breccia  associated  therewith  "  :  Quart. 

Joum.  Geol.  Soc.,  vol.  Ixi  (1905),  pp.  358-373. 

Artiel4t. 

"  Cuttlefish  *' :  Encycloptedia  Britannica. 

*  Geolojfy  of  Nottinghamshire  "  :  Victoria  History  of  the  Counties. 

*  Origin  and  History  of  the  Thames  " :  Marylebone  Mercury  (1891). 


GEORGE    FREDERICK    HARRIS,    F.G.S. 

BoRX  Sbptbmbbr  13,  1862.  Dibd  July  16,  1906. 

As  supplementary  to  the  short  notice  given  in  oar  last  numher 
[p.  384),  we  may  mention  that  Mr.  Harris  was  born  at  Anglesey  in 
Qaropshire,  and  educated  at  Netherhampton  House  School,  Wilton, 
near  Salisbury.  He  subsequently  attended  classes  at  King's  College, 
London,  and  the  Birkbeok  Institution.  At  an  early  age  he  became 
interested  in  geology  and  archasology,  and  he  enlarged  his  knowledge 
luring  extensive  travels  in  Europe  and  during  visits  paid  to  North 
ILfrica  and  the  United  States. 

To  the  Gko LOGICAL  Magazine  he  contributed  papers  on  "  Tlie 
3elinden  Beds,"  1887,  p.  108;  on  "The  Geology  of  Gironde,"  1890, 
p.  22;  and  "A  Journey  through  Russia,"  1898,  pp.  9,  110. 

In  conjunction  with  Mr.  H.  W.  Burrows,  A.K.I.B.A.,  F.G.8.,  he 
published  a  valuable  account  of  '*The  Eocene  and  OligoceneBeds  of  the 
Paris  Basin,"  with  geological  map  and  sections,  and  numerous  lists 
)f  species  and  localities,  pp.  1-129,  8vo  (read  before  the  Geologists* 
Association,  April  3,  1891,  and  published  separately,  E.  Stanford, 
srioe  3s.). 

He  added  an  Appendix  to  Mr.  R.  B.  Newton's  Systematic  List  of 
British  Oligocene  and  Eocene  Mollusca  in  the  British  Museum 
[1891),  and  prepared  a  catalogue  of  the  Tertiary  Mollusca  of 
(Australia ^  in  the  Geological  Department  (1897),  8vo,  pp.  2G 
md  408,  with  8  plates,  printed  by  order  of  the  Trustees  of 
;he  British  Museum.  In  conjunctiim  with  Mr.  Burrows  he  also 
lamed  and  arranged  the  Foreign  Tertiary  Mollusca  in  the  Geological 
Department  of  the  British  Museum. 

Mr.  Harris  was  for  more  than  20  years  a  regular  contributor  to 
the  Builder,  and  wrote  a  series  of  articles  upon  **  Building  Stones," 
nrhioh  were  afterwards  published  separately.  His  attention  thus 
became  directed  to  questions  of  practical  geology.  He  issued  in 
1888  a  work  entitled  ''Granites  and  our  Granite  Industries,"  and 
vrrote    on    London    Water    Supply    (1892) ;     he    contributed    for 

'  Intended  to  be  one  of  a  seriefl. 
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many  yean  to  the  Claywarlcer,  and  published  in  1897  a  work  on 
"The  Soienoe  of  Bricktnaking."  While  largely  engaged  on 
economic  questions  he  carried  on  investigations  into  the  structure  of 
oolitic  freestones  (1895),  and  found  time  likewise  to  write 
occasional  papers  on  Eocene  and  Oligocene  Mollusca  in  conjunction 
with  his  friend  Mr.  R.  Bullen  Newton. 


RICHARD  GLASCOTT  SYMES,    M-A. 

Born  Mat  8,  1840.  Died  July  27,  1906. 

Son  of  Olascott  Symes,  M.D.,  a  leading  physician  of  Kingstown, 
in  the  county  of  Dublin,  R.  G.  Symes  was  bom  in  that  town, 
graduated  as  Master  of  Arts  and  Licentiate  of  Engineering  in 
Trinity  College,  Dublin,  qualifying  for  the  Mechanical  Section  of 
his  degree  at  the  Inohicore  works  of  the  Great  Southern  and 
Western  Railway. 

Having  become  interested  in  geology,  he  joined  the  Geological 
Surrey  of  Ireland  as  Assistant  Geologist  under  Jukes  in  1863.  In 
the  course  of  his  work  he  entirely  surveyed  six  of  the  one-inch  maps 
and  portions  of  seventeen  in  conjunction  with  other  members  of  the 
staff.  Though  his  earliest  work  was  carried  out  over  forty  years 
ago,  his  lines  as  then  drawn  remain  unaltered,  though  some  of  the 
districts  he  completed,  such  as  that  of  Lough  Conn  in  Sheet  64, 
were  of  a  very  complicated  nature.  His  latest  Irish  work  was  in 
county  Antrim,  which  he  was  detailed  to  examine  on  account  of  his 
practical  knowledge  of  the  coal  and  iron  deposits.  It  is  especially 
satisfactory  to  note  that  recent  exploration  of  the  Ballycastle  Coal- 
field has  entirely  justified  the  indications  of  his  map  and  six-inch 
section.  In  1869  Symes  was  promoted  to  the  rank  of  GeologiHt. 
In  1874  he  was  one  of  the  SeuietarifS  of  Section  C  at  the  Meeting 
of  the  Britihh  Association  in  Belfast,  and  in  1878  one  of  the 
Secretaries  of  Section  G  (Mechanical  Science)  at  the  Meeting  in 
Dublin.  His  descriptive  memoirs  of  the  Irish  areas  he  surveyed 
were  interesting  and  clear,  and  his  mapping  and  draughtsmanship 
of  more  than  ordinary  merit 

Upon  the  completion  of  the  one-inch  Geological  Map  of  Ireland  in 
1890  he  was  transferred  to  the  Scottish  branch  of  the  Survey, 
wiiere  he  surveyed  considerable  portions  of  Kintyre  and  the 
neighbourhood  of  Oban  in  the  Argyll  district. 

He  was  an  ardent  sportsman  and  keen  observer  of  the  fauna  of 
the  districts  in  which  he  was  successively  engaged,  and  there  were 
few  better  practical  authorities  upon  the  birds  and  fishes  of  Ireland. 

Injuries  sustained  by  a  oar  accident  wiiilst  engaged  some  3*ear8 
ago  in  surveying  the  country  near  Campbelton,  N.B.,  shattered 
a  previously  robust  frame.  He  retired  from  the  public  service  in 
1900,  and  settled  in  Monkstown.  near  Dublin,  where  he  died  on  the 
27th  of  July,  after  a  short  illness.  R.  C. 


Ebbatum. — The  namber  of  the  Plate  (Plate  XXI)  used  in  the 
Gbologioal  Hagazimb  for  July,  1906,  in  illastration  of  Mr.  Bernard 
Hobton'a  article,  p.  812,  was  by  an  oversight  duplicated  in 
Dr.  Wheelton  Hind's  and  Mr.  J.  T.  Stobhs'  paper  (Plate  XXI), 
September  Namber,  p.  394.  Will  readers  have  the  kindness  to 
mark  that  in  the  July  Number  as  Plate  XXIa,  and  that  in  the 
September  Number  as  Plate  XXIb  :  this  will  avoid  the  confusion 
which  might  otherwise  arise.  A  reference  to  these  duplicate 
numbers  will  of  course  be  made  in  the  list  of  plates  in  the  December 
Number. — Edit.  Gbol.  Mao. 
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I. — Eminkmt  Livinq  Geologists  : 
Jcm^U'  Fbbdbbick  Whitravbs.  LL.D.,  F.G.S.,  F.R.S.  (Canada). 

FdaoBloloffirt,  Zoolo{^t,  and  Aflnntant  Din^ctor,  Goolo^onl  Suit<^  of  Canada; 
Hon.  Ifamb.  AHhmolean  Soo.  OxlVml,  Yorluhiro  Plul.  Sue.,  Xiit.  Uint.  Sue. 
Mimtnal,  and  Hist,  and  Sdent.  Soc.  Manitoba. 

(WITH  A  PORTRAIT,  PLATE  XXIII.) 

"Vjl^E  are  glad  to  introduoe  to  our  readers  a  portrait  and  some 
W      aoooant  of  the  life-work  of  the  distinguished  Palasontologist 
to  the  Geological  Survey  of  Canada,  who  has  now  held  the  office  for 
thirty  years. 

Dr.  Wfaiteaves  was  bom  at  Oxford  on  the  26th  of  Deoemher, 
1885,  and  resided  in  that  oity  until  18G1.  In  early  life  his  attention 
was  attracted  to  the  pursuit  of  Natural  History,  and  during  the 
yeim  1855  and  1856  he  collected  and  studied  the  land  and  fresh- 
water mollasca  of  the  neighbourhood  of  his  home,  and  communicated 
a  paper  thereon  to  the  Proceedings  of  the  Ashmolean  Society.  His 
•neigiea  were  afterwards  directed  to  geology,  and  during  the  years 
1858  to  1860  he  spent  most  of  his  time  in  collecting  and  studying 
the  Juraaaio  fossils,  and  more  particularly  those  of  the  Lower  and 
Middle  Oolites,  of  the  country  around  Oxfonl.  At  this  period  the 
pieeent  Master  of  Pembroke  (Bishop  Mitchinson),  the  Rev.  II.  H. 
Wood,  and  Mr.  James  Parker  were  zealous  collectors  of  fonsiU  at 
Oxford.  In  1861  Dr.  Whiteaves  published  lists  of  the  foshiU  thus 
obtained,  and  thereby  added  quite  a  large  number  of  species  to  those 
previously  known  from  the  Great  Oolite  Series  and  the  Corallian 
robka.  Many  of  the  fossils  upon  which  these  lists  were  based  were 
exhibited  at  the  meeting  of  the  British  Association  at  Oxford  in 
1860,  at  which  Sedgwick,  Lyell,  and  Salter  were  present.  Several 
of  the  speoies  in  these  collections  were  then  new  to  science.  Four 
of  them,  from  the  Corallian,  were  described  and  figured  by 
Dr.  Whiteaves  in  the  AnnaU  for  May,  1861.  Fourteen  otheru, 
from  the  Lower  Oolites,  were  described  and  illustrated  by  the  late 
Dr.  John  Lyoett,  in  1863,  in  his  **  Supplementary  Monograph  on  the 
Mollusca  of  the  Stonesfield  Slate,  Great  Oolite,  Fov^l  ^^xVA.^^  wA 
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Combrash,"  published  by  the  PalaBontographioal  Society.  Profeoor 
John  Phillips,  who  then  oooupied  the  Chair  of  Geology  at  Oxford, 
took  a  lively  interest  in  these  palsBontological  investigational  and 
subsequently  referred  to  them  in  oomplimentary  terms  in  his 
'<  Gleology  of  Oxford  and  the  Valley  of  the  Thames.*'  Dr.  Lycett 
also  oalled  attention  to  the  discovery  by  Dr.  YHiiteaves  of  Bradfordian 
species  at  Islip,  while  subsequent  workers  in  the  same  field,  Mr.  K  A. 
Walford,  Professor  J.  F.  Blake,  and  the  officers  of  the  Oeologioal 
Survey,  have  acknowledged  the  value  of  these  original  reeearohes. 

At  intervals,  during  his  residence  at  Oxford,  Dr.  Whiteaves 
collected  at  other  famous  localities  for  Oolitic  fossils,  such  as 
Minohinhampton,  and  the  neighbourhood  of  Stroud,  Cheltenham, 
Dundry,  and  Bath.  He  also  did  a  little  amateur  dredging  on  the 
coast  of  South  Wales,  near  Swansea ;  at  Lamlash  Bay,  Arran ;  and 
off  St.  Heliers,  Jersey.  He  was  elected  an  Honorary  Member  of 
the  Ashmolean  Society  at  Oxford  in  1857,  and  a  Fellow  of  the 
Geological  Society  of  London  in  1859. 

In  1861  Dr.  Whiteaves  paid  his  first  visit  to  Canada,  landing 
in  Quebec  early  in  June.  After  spending  a  few  months  at 
and  near  that  city  and  Montreal,  he  went  with  E.  Billings  (Palnon- 
tologist  to  the  Geological  Survey  of  Canada')  to  examine  some 
fossiliferous  exposures  on  the  Yamaska  River,  neat*  St.  Hyacinths. 
In  the  middle  of  December  the  tidings  of  the  recent  death  of  his 
father  reached  him  in  Montreal,  and  he  at  once  returned  to  England, 
landing  in  Liverpool  early  in  January,  1862. 

A  few  months  later  he  recrossed  the  Atlantic,  and  visited  New 
York,  New  Haven,  Philadelphia,  Burlington  (New  Jersey),  and 
Cincinnati.  At  these  cities  he  made  the  acquaintance  of  Thomas 
Bland,  Benjamin  Silliman,  J.  D.  Dana,  Isaac  Lea,  G.  W.  Tryon,  and 
J.  G.  Anthony.  He  spent  the  remainder  of  the  summer  of  1862  in 
Ohio,  collecting  and  studying  the  land  and  fresh-water  shells,  and 
especially  the  UnionidsB,  of  the  State,  at  Waynesville,  Franklin,  and 
Columbus.  He  returned  to  Montreal  vid  Lakes  Erie  and  Ontario  in 
the  late  autumn  of  1862. 

From  1863  to  1875  Dr.  Whiteaves  was  Curator  of  the  Museum 
and  Eecording  Secretary  of  the  Natural  History  Society  of  Montreal. 
During  these  twelve  years  he  worked  in  its  interests  with  Sir  J.  W. 
Dawson,  Dr.  T.  Sterry  Hunt,  Dr.  A.  B.  C.  Selwyn,  Elkanah  Billings, 
Dr.  P.  P.  Carpenter,  George  Barnston,  Professor  R.  Bell,  and  others, 
and  was  a  rather  frequent  contributor  to  its  official  organ,  the 
Canadian  Naturalist  and  Geologist,  which  had  been  founded  in  1856 
by  E.  Billings.  His  special  objects  of  study  while  connected  with  this 
Society  were,  first,  the  land  and  fresh- water  moUusca  of  Lower 
Canada,  now  known  as  the  Province  of  Quebec ;  secondly,  the  fossils 
of  the  Trenton,  Black  River,  Chazy,  and  Calciferous  formations  of 
the  Island  of  Montreal  and  its  immediate  vicinity  ;  and  thirdly,  the 
marine  invertebrata  of  Eastern  Canada.     He  carried  on  dredging 

^  Ellcanah  Billings,  F.G.S.,  was. bom  in  the  township  of  Gloucester,  near  Ottawa, 
in  1820.  He  was  appointed  Palieontolodst  to  the  Gemoeical  Smrey  of  Caoada  in 
1866,  and  died  in  1876.    See  Obituary,  Geol.  Mao.,  1877,  pp.  43-45. 
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operations  in  the  Galf  of  St.  LawreDoe  on  behalf  of  the  Montreal 
Society  in  1867  and  1869,  and  under  the  direct  anspioea  of  the 
Department  of  Marine  and  Fisheries  at  Ottawa,  which  provided 
special  facilities  for  this  work,  on  Grovemment  vessels,  daring  the 
years  1871, 1872,  and  1878.  In  aid  of  this  work  Dr.  J.  Gwy  n  Jeffreys 
presentisd  him  in  1868  with  a  dredge  of  the  most  approved  pattern. 
On  an  ordinary  Gaspe  fishing-boat  it  had  been  scarcely  practicable 
to  dredge  at  mach  greater  depths  than  50  or  60  &thoms,  out  on  one 
or  other  of  the  fishery  protection  cruisers  the  greatest  depths  in  the 
QnU,  from  200  and  250  to  did  fathoms,  were  for  the  first  time 
suocessfnlly  explored. 

Sir  J.  W.  Dawson  has  shown  that  the  Pleistocene  deposits  of  the 
SL  Lawrence  valley  consist  largely  of  a  thin  upper  layer  of  sand, 
the  'Saxicava  sand,'  which  is  characterized  by  the  abundance  of 
«  few  common  species  of  littoral  marine  shells  and  barnacles 
belonging  to  species  still  living ;  and  of  a  lower  and  thicker  deposit 
of  clay,  the  '  Leda  day,'  which  holds  the  remains  of  a  rich  marine 
fauna  of  a  distinctly  deeper  water  type.  The  dredgings  in  the 
Biver  and  Gulf  of  St.  Lawrence  by  Sir  J.  W.  Dawson,  Dr.  Whiteaves, 
«nd  others  have  so  far  shown  that  nearly  all  the  species  that  have 
been  found  fossil  in  the  Leda  clay  are  still  living  in  its  waters,  or 
in  the  North  Atlantic.  The  principal  exceptions  seem  to  be  the 
ZepraUa  quadrieomtUa  of  Dawson  and  the  Aatarte  Laurentiana  of 
Lyell,  neither  of  which  has  yet  been  met  with  in  a  living  state. 
Teihea  Zogani,  Dawson  (a  tetraotinellid  sponge),  was  long  supposed 
to  be  an  extinct  species,  but  Mr.  L.  M.  Lambe  thinks  that  it  is  the 
flame  as  the  recent  Craniella  cranium  (Muller).  The  ChoriBteB  elegana 
of  Carpenter,  which  was  also  once  supposed  to  be  an  extinct  species, 
lias  been  dredged  living  by  Yerrill  in  deep  water  off  the  New 
England  coast.  The  so-called  Leda  of  the  *  Leda  clay,'  now  called 
Portlandia  glacialis  (Wood),  has  not  yet  been  found  living  in  the 
Biver  or  Gulf  of  St.  Lawrence,  though  Mr.  A.  P.  Low  dredged 
a  few  fine  living  specimens  of  it  at  Bichmond  Gulf,  on  the  east  side 
of  Hudson  Bay,  in  from  fifteen  to  twenty-five  fathoms,  in  1899. 
In  this  connection  it  may  be  mentioned  that  Dr.  Whiteaves 
materially  assisted  in  the  preparation  of  the  lists  of  Pleistocene 
fossils  in  the  "  Geology  of  Canada,"  published  by  the  Geological 
Survey  in  1863,  and  in  the  **  Canadian  Ice  Age,"  published  by  Sir 
J.  W.  Dawson  in  1893. 

In  1875  Dr.  Whiteaves  joined  the  palseontological  branch  of  the 

Geological  Survey  of  Canada  at  the  request  of  E.  Billings,  who  was 

then  in  failing  health.     He  was  appointed  Palseontologist  to  that 

institution   in   the  autumn  of   1876,   shortly  after  the  decease  of 

Mr.  Billings  in  June  of  that  year,  and  was  made  one  of  the  original 

Assistant  Directors  in  1877,  and  Zoologist  in  1883.^    During  the 

*  The  Asfidfltant  Directors  were  originally  four  in  number,  viz.,  Dr.  Robert  Bell, 
now  Chief  Geologist  also;  Dr.  G.  M.  Dawson,  who  died  in  1901;  Dr.  B.  J. 
Hairingion,  who  resigned  in  1881 ;  and  Dr.  Whiteaves.  Drs.  Bell  and  Dawson 
lepreeented  Field  Greologr;  Dr.  Harrington,  Mineralogy  and  Chemistry;  and 
Dr.  Whiteaves,  Palaeontology.  Dr.  G.  C.  Hoffmann  and  Professor  Macoun  were 
flinGe  appointed  assistant  directors^  the  former  in  1883,  the  latter  in  1887« 
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itiirty  years  of  his  official  oonneotion  with  the  Survey  he  has 
published  three  desoriptive  and  illustrated  volumes  on  Canadian 
Paladontology  or  liather  Palseozoology,  which  were  issued  in  parts  at 
Taryihg  intervals;  a  "Catalogue  of  the  Marine  Invertebrata  of 
Sastem  Canada";  and  rather  more  than  100  papers  on  Canadian 
Falsdontology  or  Zoology.  His  palsdontological  publications  am 
6ased  chiefly  upon  specimens  brought  in  by  the  field  geologists  or 
acquired  from  local  collectors,  but  on  various  occasions  he  ha» 
personally  gathered  fossils  at  many  localities  in  the  provinces  of 
Quebec,  Ontario,  and  Manitoba.  With  Drs.  A.  R.  C.  Selwyn, 
Bobert  Bell,  O.  M.  Dawson,  G.  C.  Hoffmann,  Professor  Macoan, 
cind  other  members  of  the  Staff,  he  has  sedulously  and  persistently 
fftriven  to  add  to  and  improve  the  collections  of  the  Survey,  in 
the  hope  of  forming  as  large  a  nucleus  as  possible  of  a  Canadian 
National  Museum,  such  as  that  which  was  contemplated  by  Sir  W.  K 
Logan  in  1853. 

For  the  first  twenty-five  years  of  its  existence,  the  Qeolog^oal 
Survey  of  Canada  was  only  a  Survey  of  the  two  provinces  now  known 
lis  Ontario  and  Quebec.  During  those  years  its  collections  were  almost 
exclusively  confined  to  the  illustration  of  the  geology,  geological 
economics,  mineralogy,  and  palssontology  of  these  two  provinces, 
dince  the  confederation  of  all  the  Canadian  provinces,  which  was 
commenced  in  1867  and  completed  in  1873,  the  Survey  has  become 
a  Geological  Survey  of  the  whole  Dominion.  It  was  definitely 
constituted  a  Natural  History  Survey,  also,  in  1877,  and  a  distinct 
department  of  the  Civil  Service  of  Canada  in  1890.  Its  Museum 
now  contains  large  and  important  collections  illustrative  of  the 
botany,  zoology,  ethnology,  and  archseology  of  the  Dominion,  as 
well  as  of  its  geology  and  palaeontology.  These  collections,  and 
the  memoirs  and  papers  that  have  been  based  thereon,  represent  the 
labours  of  two  generations  of  specialists.  In  palsBontology  the 
Museum  of  the  Survey  contains  the  types  of  nearly  all  the  species  of 
fossils  that  have  been  described  in  its  publications. 

The  premises  in  Montreal  in  which  its  collections  were  housed 
from  1852  to  1881  ultimately  proved  to  be  quite  inadequate  for 
their  proper  accommodation.  The  much  larger  and  more  commodious 
buildings  at  Ottawa,  into  which  the  Survey  moved  in  1881,  are  also 
now  found  to  be  far  too  small  for  its  present  and  future  requirements, 
and  the  foundation  of  a  new  building  for  the  suitable  housing  of  its 
present  staff  and  collections  was  laid  at  Ottawa  in  1905. 

Dr.  Whiteaves  is  one  of  the  original  Fellows  of  the  Royal  Society 
of  Canada,  and  has  contributed  twenty-two  papers  to  its  Transactions. 
This  Society  was  founded  in  1881  by  the  Duke  of  Argyll,  who  was 
then  Marquis  of  Lome  and  Governor  General  of  Canada.  FroTu 
1882  to  1899  Dr.  Whiteaves  was  an  active  member  of  the  American 
Association  for  the  Advancement  of  Science,  and  was  elected 
a  Fellow  thereof  in  1887.  At  its  meeting  in  Montreal  in  1882  he 
exhibited  and  read  a  paper  on  some  remarkable  fossil  fishes  that 
had  recently  been  collected  from  the  Upper  Devonian  rocks  at 
iScaumenac  Bay  in  the  proYinoe  of  Quebec,  and  from  the  Lower 
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Devonian  rooks  at  Campbell  ton,  New  Brunswick;  and  at  its  meeting 
at  Columbtu,  Ohio,  in  1899,  he  was  the  presiding  officer  in  the 
Section  of  (Geology  and  Geography. 

With  the  exception  of  short  visits  to  England  and  the  Oontioetti 
in  the  sammer  seasons  of  1865,  1866,  and  1868,  Dr.  Whiteayes  has 
lived  in  Montreal  from  1863  to  1881,  and  at  Ottawa  from  1881 
up  to  the  present  time.  In  1900  he  received  the  honorary  degree 
of  LL.D.  from  MoQill  University,  Montreal. 

His  name  has  been  associate<l  with  one  genns  of  Ordovician 
Felecypoda,  with  two  species  of  fossil  fishes,  with  sixteen  species  of 
fossil  invertebrata,  and  with  six  species  of  recent  marine  invertebrata. 
His  "Catalogue  of  the  Marine  Invertebrata  of  Eastern  Oanada," 
tsaoed  by  the  Greologioal  Survey  of  Canada  in  1901,  summarizes  the 
information  g^athered,  largely  by  himself,  bat  also  by  Sir  J.  W. 
Dawson  and  various  Canadian  and  United  States  workers.  This 
volume  is  of  considerable  interest  in  its  geological  bearings-^the 
distribution  of  the  fauna  as  compared  with  that  of  Western  Europe. 
l^he  identical,  the  slightly  divergent  or  representative  species,  and 
the  distinct  species  furnish  endless  subjects  of  study. 

The  record  of  work  accomplished  by  Dr.  Whiteaves  in  almost 
•every  branch  of  zoology  and  palsaozoology,  and  his  untiring  industry, 
are  apparent  from  the  full  list  of  papers  herewith  appended. 

LIST  OF  PAPERS  AND  OFFICIAL  PUBLICATIONS  BY 

J.  F.  WHITEAVES. 

(The  titles  of  Tolumes  that  were  issued  in  parts  are  printed  in  small  capitals.) 

1857.     **  On  the  Land  and  Fresh-water  MoUusca  inhabiting  the  Neighbourhood  of 

Oxford  ** :  Proc.  Ashroolean  Soc.,  Oxford,  toI.  iii,  p.  110. 
1861.     "  On  the  Inyertebrate  Fauna  of  the  Lower  Oolites  of  Oxfordshire"  :  Bep. 
Brit.  Assoc.,  1860,  Trans.  Sect.,  p.  104. 
'*  On  the  Paleontology  of  the  Coralline  Oolites  of  the  Neighbourhood  of 

Oxford  " :  Ann.  Mag.  Nat.  Hist.,  London,  ser.  lu,  vol.  vui,  p.  142. 
*^  On  the  Oolitic  Echinodermata  of  the  Neighbourhood  of  Oxford  "  :  Geologist, 
vol.  iv,  p.  174. 
1863.     '*  On  thd  Land  and  Fresh-water  Mollusca  of  Lower  Canada,*'  parts  i  and  ii,: 
Canadian  Naturalist  and  Geologist,  ser.  i,  vol.  viii,  pp.  50  and  98. 
Transatlantic  Sketches.  —  I.    **  On  the  Little  Miami  Kiver,  Waynesville, 
Warren  County,  Ohio"  :  Zoologist,  Tendon,  vol.  xxi,  p.  8419. 
1865.     *'  On  the  Fossils  of  the  Trenton  Limestone  of  the  Island  of  Montreal": 
Canad.  Nat.  and  Geol.,  ser.  n,  vol.  ii,  p.  312. 

1869.  **  On  the  Marine  Mollusca  of  Eastern  Canada"  :  ibid.,  ser.  ii,  vol.  iv,  p.  48. 
**  On  some  Results  obtained  by  Dredging  in  Gasp6  and  off  Murray  Bay  " : 

idem,  ser.  ii,  vol.  iv,  p.  270. 

1870.  *'  Notes  on  some  Canadian  Birds  " :  ibid.,  ser.  ii,  vol.  v,  pp.  103  and  230. 

1871.  **  Beport  on  a  Deep-sea  Dredging  Kxpedition  to  the  Gulf  of  St.  Lawrence  "  : 

Kep.  Dept.  of  marine  and  Fuhenes,  Ottawa. 

1872.  *' Beport  on  a  Second   Deep-sea   Dredging  Expedition  to   the   Gulf  of 

St.  Lawrence,  with  some  Remarks  on  the  Marine  Fi!:«heries  of  the  Province 

of  Quebec  "  :  idem,  Ottawa,  1872. 
**  Deep-sea  Dredginff  in  the  Gulf  of  St.  Lawrence " :   Canad.  Nat.  and 

Geol.,  ser.  ii,  vol.  vi,  p.  351. 
**  Notes  on  a  Deep-sea  Dredging  Expedition  round  the  Island  of  Anticosti, 

in  the  Gulf  ot  St.  Lawrence" :  Ann.  Mag.  Nat.  Hist.,  ser.  nr,  vol.  x, 

p.  341.    Reprinted,  with  some  alterations  and  additions,  in  the  Canad* 

Nat.,  etc.,  ser.  II,  vol.  vii,  p.  86. 


438  Eminent  Living  OeohgiiU — 

1873.  "  Report  on  Deep-sea  Drefk^ng  Operataons  in  the  Chilf  of  St.  Lawrence,  vHh 
^otes  on  the  Present  Conoition  of  the  Marine  Fiaheries  and  Oyster-bei'^ 
of  part  of  that  region  "  :  Bep.  Dept.  of  Marine  and  Fiaheries,  Ottawa. 

18f74*    '*  On  Beoent  Deep-sea  Dredging  Operations  in  the  Gulf  of  St.  Lawrence" : 
Amer.  Joum.  Sci.,  ser.  in,  vol.  vii,  p.  210. 
"  Notes  on  the  Cretaceous  Fossils  collected  by  Mr.  James  Bichardsoa  at 
VancouTer  and  the  adjacent  Islands  ** :  Bep.  Progr.  Geol.  Sunr.  Caoadt 
for  1873-4,  p.  260. 


1875. 


<*0n  a  Collection  of  Himalayan  Birds  recently  presented  to  the  Natonl 
History  Society  by  Major  G.  £.  Bulger" :  Canad.  Nat.,  etc.,  ser.  n. 


Tol.  Til,  p.  394. 
the 


*'  Notes  on  the  Marine  Fisheries,  and  particularly  on  the  Oyster-beds,  of  tii» 
Gulf  of  St.  Lawrence  " :  idem,  p.  336. 

1876.  Gbolooical  Subvby  of  Canada.    Mbsozoic  FossiLa,  Vol.  I,  Part  1.— 

(1)  **  On  some  Invertebrata  from  the  Coal-bearinj^  Bocks  of  the  Qoeea 
Charlotte  Islands,  collected  by  Mr.  James  Bichardson  in  1872"; 
Montreal,  pp.  1-92,  with  ten  plates  and  nine  text- figures. 

1877.  ''  Critical  Notes  on  Fossils  collected  by  A.  B.  C.  Selwyn  and  Prof.  Maooon 

in  the  Valleys  of  the  Peace,  Athabasca,  and  Clearwater  Bivers  *' :  Rep. 

Progr.  Geol.  Sunr.  Canada  for  1875-6,  pp.  96-106. 
**  On  the  Fossils  of  the  Missinaibi  and  Moose  Biyers  collected  by  Dr.  B.  Bell 

in  1875  "  :  ibid.,  pp.  316-329. 
Obituary  Notice  of  Elkanah  Billings,  F.G.S.,  Palseontologpt  to  the  Geological 

Sun-ey  of  Canada :  Canad.  Nat.,  etc.,  ser.  n,  vol.  viii,  p.  251. 

1878.  ''  Preliminary  Beport  on  some  supposed  Jurassic  Fossils  collected  by  Dr.  G.  M. 

Dawson  m  the  Coast  Bange  of  British  Columbia  "  :  Bep.  Progr.  GeoL 

Sunr.  Canada  for  1876-7,  pp.  150-159. 
'*  On  some  Marine  InTertebrata  from  the  West  Coast  of  America." — Beinf  a 

critical  list  of  about  125  species  from  the  Strait  of  Georgia,  Burrard  Inlet, 

etc.,  with  descriptions  of^a  new  Alcyonarian  by  Prof.  A.  £.  Yerrill,  and 

of  a  supposed  new  lamellibranchiate  oiTalve  by  the  writer :  Canad.  Nat., 

etc.,  ser.  ii,  vol.  viii,  p.  464. 
**  On  some   Primordial   Fossils   from    South-Eastern  Newfoundland,   with 

description  of  one  new  species"  :  Amer.  Joum.  Sd.,  ser.  iii,  vol.  xri, 

p.  224. 

1879.  Geological  Survey  of  Canada.    Mesozoic  Fossils,  Vol.  I,  Part  2.— 


(2)  **  On  the  Fossils  of  the  Cretaceous  Bocks  of  Vancouver  and  adjacent 
Islands  in  the  Strait  of  Georgia"  :  Montreal,  pp.  93-190,  and  ten  plat«e. 
**  Provisional  List  of  the  Fossils  collected  by  Dr.  B.  Bell  in  1877  between  the 


Long  Portage  of  the  Missinaibi  Biver  and  York  Factory** :  Bep.  Progr. 

Geol.  Sun-.  Canada  for  1877-8,  p.  50. 
1880.     **  On  some  Marine  Invertebrata  from  the  Queen  Charlotte  Islands." — Con- 
tains a  li8t  of  160  species,  with  descriptions  of  three  new  star^ahes  by 

Prof.  A.  K.  Verrill.  and  of  t^'o  new  species  of  moUusoa  by  the  author : 

idem,  1878-9,  p.  190b. 
**  On  a  New  Species  of  Pteriekthyty  allied  to  Bothriolepii  omata,  Eichwald, 

from  the  Devonian  Bocks  of  the  North  Side  of  the  Baie  des  Chaleurs  ** : 

Amer.  Joum.  Sci.,  ser.  iii,  vol.  xx,  p.  132. 
188 1»    **  On  some  remarkable  Fossil  Fishes  from  the  Upper  Devonian  Bocks  at 

Scaumenac  Bay,  P.Q."  :  idem,  ser.  iii,  vol.  xxi,  p.  494. 
**  On  some  remarkable  Fossil  Fishes  from  tiie  Devonian  Bocks  of  Scaumenac 

i^ay,  with  descriptions  of  a  new  genus  and  three  new  species  "  :  Canad. 

Nat.,  etc.,  ser.  ii,  vol.  x,  p.  27. 
**  Description  of  a  New  Species  of  P$ammodm  from  the  Carboniferous  Bocks 
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British  Columbia,  for  the  most  part  collected  by  Dr.  G.  M.  Dawson  in 
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*'  Descriptions  of  eight  New  Species  of  Fossils  from  the  (Galena)  Trenton 
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Xanaimo  Coal  Field,  V.I.** :  Ottawa  Nat.,  vol.  xiv,j).  177. 
**  Notes  on  some  I^and  and  Fresh- water  Mollusca  from  Fort  Chimo,  Ungava 

Bay,  Ungava"  :  idem,  p.  221. 
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at  Denman  Island,  in  the  Strait  of  Georgia** :  idem,  vol.  xv,  p.  31. 
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**  On  the  Genus  Trimerelia,**  ^-ith  descriptions  of  two  supposed  new  species 

of  that  genus  from  the  Silurian  rocks  of  Keewatin:  ibid.,  p.  139. 
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Gbglooical  Subtbt  of  Canada.    Mbsozoic  Fossils,  YoI.  I,  Part  5,  and 

last. — (5)  **  On  some  additional  Fossils  from  the  VanooaTer  CretaceoiK^ 
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**  Description  of  a  New  Genus  and  Species  of  Rugose  Corals  from  the  Sihnian 
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Canada  "  ;  (8)  '*  Revised  List  of  the  Fossils  of  the  Guelph  Fonnation  of 
Ontario."  With  Appendix,  consistinj^  of  a  list  of  errata  and  an  index 
to  the  volume.  Ottawa,  pp.  243-352,  with  twenty  plates  and  eight 
text- figures. 
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H. — On  two  Spboimbns  of  Ichthyosaurus  sHowaro  oontainid 

Embbtos. 

Bj  A.  Smith  Woodward,  LL.D.,  F.R.S. 
(PLATE  XXrV.) 

ITK)B  many  yean  it  has  been  known  that  Ic\(hyosawruB  was  a 
.  TiviparouB  reptile,'  bnt  until  quite  recently  the  British  Museum 
haa  not  possessed  a  specimen  with  contained  embryos.  This 
deficiency  has  now  been  supplied  by  the  acquisition  of  two  fine 
skeletons,  which  are  worthy  of  special  notice. 

The  first  of  these  newly  acquired  specimens  (PL  XX IV,  Fig.  1) 
is  of  much  historic  interest,  because  it  was  discovered  and  described 
BO  long  ago  as  1846  by  the  late  Dr.  J.  Chaning  Pearoe,  a  well-known 

S'oneer  in  Paladontology.'  It  was  obtained  from  the  Lower  Lias  of 
^mersetshire,  and  appears  to  belong  to  the  species  L  eommuni$.  The 
skeleton  is  nearly  complete,  and  is  exposed  from  the  right  side, 
though  partly  from  below.  The  ribs  and  paddles  of  the  right  side 
are  displaced  upwards;  and  the  tail  is  dislocated,  though  clearly 
exhibiting  the  downward  flexure  of  its  terminal  portion.  The  single 
embryo,  as  described  by  Chaning  Pearce,  lies  between  the  two  sides 
of  the  pelvis,  crushed  on  the  three  hindmost  ribs.  Its  head  points 
backwards,  but  is  flattened  by  crushing,  and  does  not  show  any 
Btmctural  details.  The  vertebral  centra  are  small  biconcave  discs  of 
spongy  bone,  not  arranged  in  continuous  series  but  somewhat 
Boattered.  The  head  of  the  embryo,  so  far  as  preserved,  measures 
(HH  m.  in  length,  while  the  remains  of  the  trunk  extend  for  another 
length  of  0*105  m.  'The  total  length  of  the  parent  is  about  2*25  m., 
that  of  the  head  being  0*5  ra.  Although  its  precise  dimensions 
cannot  be  determined,  the  embryo  in  this  individual  is  therefore 
telatively  smaller  than  in  the  other  known  specimens. 

The  second  Ichthyosaur  with  embryos  received  by  the  British 
Museum  (PL  XXIV,  Fig.  2)  was  obtained  from  the  Upper  Lias  of 
Holzmaden,  Wurtemberg,  and  is  referable  to  J.  quadriBcisBus,  which 
has  been  provisionally  identified  by  Mr.  Lydekker  with  J.  acutiroBtris^ 
This  is  the  species  to  which  all  the  best  specimens  displaying  embryos 
belong.  The  skeleton,  which  measures  about  2*4  m.  in  length,  is 
well  preserved  and  exposed  from  the  right  side,  the  right  ribs  only 
being  displaced  upwards.  The  black  contents  of  the  stomach  are 
clearly  shown  in  the  lower  part  of  the  abdominal  region.  There 
are  remains  of  at  least  six  embryos  within  the  ribs,  but  some  of  them 
have  been  displaced  forwards,  either  by  poBi-mortem  crushing  or  by 
eaoape  into  the  body-cavity  during  life  (as  happens  occasionally  in 

'  H.  G.  Seeley,  '*  Report  on  the  Mode  of  Reproduction  of  certain  species  of 
lehihyoMurut  from  the  Lias  of  England  and  Wiirtemberg  "  :  Rep.  Brit.  Assoc.,  1880 

JlSSl),  pp.  68-76,  pi.  i.    £.  Fraas,  **  Die  Ichtbyosaurier  der  siiddeutschen  Trias-  und 
ura-AoIageiranffen  **  (Tiibin^en,  1891),  p.  34,  pi.  ir,  fig. -2. 
'  J.  Chaning  Pearce,  **  Notice  of  what  appears  to  be  the  £mbryo  of  an  lehthyotaunt* 
in  the  PelTic  Cavity  of  Ichthyo9aurns  {c<»nmums  ?} " :  Ann.  &  Mag.  Nat.  Hist., 
vol.  xrii  (1846),  pp.  44-46. 
»  R.  Lydekker;  •*  Catal.  Fojw.  Rept.  B.M.,"  pt.  \\  ^V^ft^V^-"^- 


444    Dr.  A.  S.  Woodtcard — Ichthyfmaw^w  showing  Enibryoi, 

yiviparoua  lizards  *).  All  the  embryos  are  of  the  same  size,  relatival^ 
large,  and  with  the  proportions  of  the  skull  similar  to  (hose  of  the 
parent's  skull.  The  snout  'in  every  case  points  forwards.  The 
embryonio  skull  is  best  displayed  in  an  individual  far  forwards  within 
the  ribs  above  the  vertebral  column,  where  it  is  shown  in  direct  side- 
view.  The  rostrum  here  is  crushed  on  the  heads  of  the  ribs,  and  bears 
the  impress  of  the  latter,  indicating  the  soft  nature  of  its  bone-tissiML 
Behind  the  skull  is  part  of  the  vertebral  column  in  position,  witb 
some  of  the  ribs,  and  apparently  the  ossified  portions  of  the  ooraooids. 
A  second  good  embryonic  skull  occurs  slightly  farther  back  just 
lielow  the  vertebr»  of  the  parent,  and  is  interesting  as  displaying 
the  teeth  in  the  form  of  thin,  hollow  cones.  At  the  hinder  end  of  its 
mandible  is  seen  the  ossified  shaft  of  a  humerus.  Below  and  itt 
front  of  this  second  specimen  are  three  more  imperfect  embxyonio 
skulls,  only  partially  exposed,  the  lowest  somewhat  obaonred  by  tks 
black  stomach-contents.  Behind  the  middle  speoimeii  there  cecals 
part  of  the  vertebral  column  with  ribs;  and  some  of  the  small 
vertebral  centra  appear  to  exhibit  the  Cacettes  for  nenral  archer 
The  sixth  embryo  is  indicated  only  by  short  chains  of  biconcave 
vertebral  centra  scattered  in  the  region  of  the  pelvis.  The  limbs 
are  not  shown  in  any  embryo  within  the  body,  but  there  is  aa 
embryonic  fore-paddle  0*036  m.  in  length  near  tiie  displaced  ribs 
above  the  head.  The  bones  in  this  paddle  are  not  completely 
ossified,  but  so  far  as  preserved  are  in  their  natural  position.  The 
radius  is  half  as  long  as  the  ossified  part  of  the  humerus,  whereas  ia 
the  adult  paddle  the  same  bono  measures  only  one-third  the  length 
of  the  humerus.  Tlie  length  of  the  best  embryonio  skull  is  aboot 
0-19  m.,  while  that  of  the  skull  of  the  parent  is  not  more  than  0*5  m. 
The  largest  number  of  embryos  hitherto  observed  in  one  individual 
of  IchthyoBauruB  acntirosirxB  (quadriscisBus)  is  seven';  and  it  is 
interesting  to  note  that  in  each  recorded  case  of  more  than  onf 
contained  embryo,  the  young  are  always  directed  with  the  snout 
forwards.  A  single  embryo  in  the  middle  of  one  specimen  in  the 
Stuttgart  Museum  is  also  turned  forwards;  but  in  each  known 
instance  in  which  the  single  embryo  is  so  far  back  as  the  pelvis,  tb^ 
«iiout  is  directed  backwards.^  The  specimens  recently  acquired  by 
the  British  Museum  conform  to  this  rule. 

EXPLANATION  OF  PLATE  XXIV. 

Fig.  1. — Ichthyomnrus  commuHih^  Conybeare ;  Bkeleton  showing  Tery  small  embrfo 
in  the  pelvic  repfion.  About*  one- fourteenth  nat.  sue.  Lower  Lias : 
Somersetshire.     [Chaning  Pearce  Collection,  British  Museum,  No.  R.  3372.] 

Fio.  2. — Ichthyomurus  acutiroatrut^  Owen  {quadritcitsua,  Quenstedt) ;  skeletos 
8ho\^iu^  renminB  of  six  large  embryos  within  the  ribs.  About  one-fourteenth 
nat.  siKe.  Upper  Lias:  Ilolzmaden,  Wiirtemberg.  [British  Museum, 
No.  K.  3300.] 

*  F.  E.  Beddard,  *'  Note  on  an  apparently  Abnormal  Position  of  the  '  Brephos' 
within  the  Body  of  a  Skink  {Chalcidcn  lineatm)  "  :  Proc.  Zool.  Soc.,  1904,  toI.  ii, 
pp.  145-147,  text-fig.  25. 

*  E.  Fraa8,  op.  cit.  H.  F.  Osborn,  ^^Ichthyosaurs":  Century  Magazine, 
vol.  Ixix  (190.5),  pp.  414-422,  text-figs.  1-6. 

^  See  Seclev  and  Fraas ;  also  A.  Gaudry,  **  Les  Enchaincments  du  Monde 
Animal — FossileB  Secondaire*"  (^Vft^Q'^^'v*.  185*,  fij?.  275. 
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IN    NOBTH   SHB0PSHIB1^    DbMBIOHSHIBK,   AND  FUMTSHIBX. 

f  Whsbltoh  Hnn>,  M.D., B.S.,  P.E.C.S.,  F.G.S.,  and  Jomr  T.  Stobbs,  P.G.S. 

{Omtinu^djrom  ths  Stptembir  Nnmber,  p.  400.) 

(xx^iii)  The  road  from  Llanarmon  to  Qraianryd  praotloally  tra- 
smes  the  whole  limestone  eequenoe.  The  following  fostiU  were 
itained  from  the  quarry  aboot  half  a  mile  north  of  Llanarmon,  by 
le  roadside,  where  some  20-80  feet  of  limestone  was  exposed  :— 

fathophylUtm  Murehiiom,  E.  k  H.  Ifartinia  glabra  (Mart.). 

IbunophyUum  sp.  Frodttetut  Cora^  D'Orfo. 

ffin^opora  sp.  P.  hemi»ph€rieu9j  J.  Sow^. 

thyris  expanta,  Pbill.  P.  punclatus  (Mart.)* 
\cneU9  aff.  eotnoidet  (J.  Sow.).     (Like 
^e  matation  in  D|  of  the  Bristol  area.) 

In  the  quarry  opposite  the  Stag  Inn,  east  of  Llanarmon,  limestone 
3da  with  ProductUB  giganteuB  (Mart.)  are  well  exposed. 

A  few  hundred  yards  further  east  there  is  a  quarry  in  a  farmyard 
-ith  thin  rubbly  and  bedded  limestones.  Here  Productus  giganteuB 
liart.)  ooours  in  several  bands,  with  Cyathophyllum  and  Amplexi' 
^iphrentis,  A  little  further  up  the  wood  ooour  dark  thin-bedded 
mestones,  with  bands  of  Produetu$  h^miBphericuB  (J.  Sow.),  P. 
IganieuB  (Mart.),  and  LithoBtrotian  irregtdaref  PhilL,  on  whioh  lie 
rilow  ealcareons  shales  with  ProduciuB  gtganteuB  (Mart.), 
^(zzix)  The  next  section  is  at  Qraianryd,  which  shows  soft  yellow 
mdstone,  with  occasional  quartz  pebbles  and  pebbly  grit.  The 
indstone  is  very  fossiliferous,  and  contains — 

tmar^tctchia  (rilatera  (De  Ken.).  Fragment  of  a  large  Nautiloid. 

roductus  lonffitpiniui.  Sow.  Fish -teeth  (fragments  fPaephodus). 

nrifer  hituleatus^  Sow. 

his  bed,  evidently,  is  the  equivalent  of  the  coarse  pebbly  grit  and 
>ft  sandstone  with  fish-teeth  seen  at  Gwernymynydd  {ante^  p.  398). 
(zxx)  Half  a  mile  south-east  of  Graianryd,  at  Pant-y-terwyn,  on 
le  west  of  the  road,  is  a  fine  quarry  in  cherts,  whioh  evidently 
looeed  conformably  the  calcareous  pebble  grit,  and  we  there  get 
16  following  sequence : — 

Cherts  (of  Pant-y-terwjm). 

Calcareous  pebbly  grit  (of  Graianryd). 

Carboniferous  Limestone,  with  H-oductus  giganfetis  (Mart.)  near  the  Stag  Inn. 

>me  of  the  latter  series,  however,  are  not  exposed.  This  sequence 
pnees  well  with  that  at  Gwernymynydd,  and  shows  the  transition 
om  the  Cherty  Limestone  near  Pentre  Halkyn  (p.  396),  through 
le  oalcareous  grits  of  Hendre  and  Gwernymynydd,  to  the  pebble 
rit  of  Graianryd.  It  is  this  part  of  the  series  that  is  represented  by 
16  lower  part  of  the  Cefn-y-Fedw  Series  of  G.  H.  Morton.* 
(xxxi)  The  neighbourhood  of  Minora  affords  sections  of  prac- 
oally  the  whole  of  the  Carboniferous  System  up  to  the  horizon  of 

*  G.  H.  Morton :  **  The  Carboniferous  Limestone  and  Cefn-y-Fedw  Sandstone  of 
le  Country  between  Llanymyneth  and  Minera,'*  1879. 


446  Dr.  WheelUm  Hind  8f  John  T.  Stobba— 

tbe  Gwespyr  Sandstone,  wbose  representative  is  exposed  in  a  qmuny 
near  Berwig  Station.  The  beds  here  resemble  closely,  both  in 
colour  and  in  petrologioal  character,  the  sandstones  and  grits  of 
Gwespyr,  and  contain  many  fragments  of  plants  and  woody  d^briSi 
At  the  top  of  the  hill  at  Pen-y-Bwlch  are  a  series  of  strong  dierts, 
which  crop  out  behind  the  houses  in  the  village.  Morton  mentions' 
that  the  sandy  limestones  and  white  sandstones  with  quarts  pebbles, 
about  170  feet  thick,  are  to  be  seen  at  Craig  Mawr  and  Craig  Fechan. 
At  Minora  the  limestones  rest  directly  on  the  Bala  Beds,  with  a  thin, 
patchy  basement  conglomerate,  and  the  junction  can  be  seen  and 
traced  for  some  distance  in  the  bed  of  the  stream  which  runs  from 
Ty  hir  through  the  quarries  called  the  Cly  wedog.  The  lower  beds 
of  limestone  are  crammed  full  of  DatnesieUa  IlangotteimB  (Dav.),  a 
very  easily  recognised  species,  even  in  section,  on  account  of  ^e 
large  comparative  thickness  of  the  pedicle  valve.  This  species  we 
consider  to  have  a  time  value  in  North  Wales,  a  fact  whiob  Morton 
seems  to  have  recognised,  for  it  always  occurs  in  his  lists  of  fossils 
from  the  Lower  Brown  Limestone.  In  the  case  of  Minora,  however, 
Morton  did  not  recognise  the  existence  of  the  Lower  Brown  Lime- 
stone, but  refers  the  lower  beds  (160  feet)  to  his  Upper  White 
Limestone  division.  From  a  colour  point  of  view  he  is  certainly 
correct,  since  there  is  no  brown  limestone  in  this  locality,  but  the 
presence  of  large  numbers  of  D.  LlangollenBia — evidently  the  maximum 
of  this  fossil — seems  to  us  to  be  conclusive  evidence  of  the  contem- 
poraneity of  these  beds  with  others  containing  the  same  fossil. 
Beds  immediately  above  the  Davtesiella  beds  contain  abundance  of 
Seminula  aff.  ficoides,  giving  a  similar  palaaontological  succession  to 
that  at  Llandulas. 

Morton  e8timates  the  whole  limestone  series  at  Minora  as  436  feet 
thick,  and  D.  Llangollensis  is  confined  to  the  lowest  few  feet  of  the 
series.  Fossils  were  very  rare  indeed  in  the  succeeding  350  feet 
of  limestone.  Quarrymen  said  that  specimens  occurred  only 
occasionally,  and  we  were  not  able  to  find  any  in  the  loose  blocks 
about  the  quarry. 

On  the  other  hand,  the  upper  beds  of  limestone  east  of  the  large 
quarries,  exposed  successively  in  abandoned  quarries  and  outcrops 
on  the  hill,  contain  the  typical  fossils  of  that  zone,  viz. : — 

CyathophyUum  cf.  reyiunty  Phill,  Lotudaleia  ruyosa,  M*Coy. 

Lithostrotion  irreyulare  (Phill.).  Ftoductui  yiyanteut  (Mart.). 

Z.  junccitm  (Flcm.).  And  many  beds  of  cnnoids. 
Z.  Fartlocki  (Bronn). 

In  this  series  the  limestones  become  cherty,  and  the  beds  assume  the 
lithological  character  of  the  upper  limestones  on  Halkyn  Mountain. 
Morton  gives  a  much  longer  list  of  fossils  from  the  Upper  Grey 
Limestone  of  Minora  than  we  collected — a  list  which  we  are  pre- 
pared to  accept,  with  three  exceptions,  because  we  know  the  species 
enumerated  occur  universally  at  this  horizon  in  the  counties  of 
Flint  and  Denbigh.  The  exceptions  are — (1)  Athyri$  Boysni,  which 
should  probably  stand  for  A,  planostdcata,  Phill. ;  (2)  Aviadopecieii 

*  Op.  sup.  cit.,  p.  71. 
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mieropiertUf  wbioh  it  probably  A.  diBsimilis  (Flem.) ;  and  (3)  Zaphrentie 
effimaricOf  whioh  is  either  CampophyUum  or  Amplexi-zaphreniiB. 

The  Ptodwius  giganUua  beds  are  suooeeded  by  yellowish  sandy 
limestones  and  a  pebbly  grit,  and  at  the  top  of  the  hill  are  the 
strong  cherts  of  Pen-y-BwIch.  Morton  estimates  the  Carboniferoas 
Limestone  of  the  Eglwyseg  ridge  at  1,200  feet,  whioh  he  subdiyided 

as  onder : — 

feet. 

Upper  Grey  Limestone 300 

XJpper  White  limestone 300 

Lower  White  Limestone  120 

Lower  Brown  Limestone  480 

1200 

These  beds  are  all  exposed  either  in  the  fine  escarpment  of  the 
Eglwyseg  ridge  or  the  Trevor  and  Bronheulog  quarries,  and  rest  in 
places  on  a  basement  of  red  conglomerate,  which  is  to  be  seen  near 
Dibren  Uohaf  and  at  the  foot  of  Craig-yr-ogof.  The  brown  lime- 
stones at  the  base  of  the  limestone  series  contain  plant-remains  in 
a  fragmentary  state.  The  most  abundant  and  characteristic  fossil  is 
DavieeieUa  LlangoUenais,  The  number  of  fossil  species  is  not  large, 
botindiyidaals  are  fairly  numerous,  and  we  collected  the  following : — 

Ahtolitm  teptota  (Flem.).  Retitularia  lineata  (Mart.). 

Bjftingopora  sp.  Belltrophon  sp. 

Aih^ruplanotuleata^V^nSi,  A  Nautiloid  sriell.     (Fragmentary.) 

Jkn>U$ieUa  LlanffoUentiM  (Dar.  sp.).  JSuofnphalu*  Dionytiiy  Goldfius. 

JProduetuM  Cora^  D'Orb.  Murchitonia  KettdalensUj  M'Coy  (Donald). 

Fragments  of  a  giganteid  Produeiiu,  Pleurotomaria.    (Large  globular  species.) 

A  list  which  is  almost  identical  with  that  of  G.  H.  Morton. 

The  fossils  all  seem  to  come  from  the  lower  part  of  the  series. 
They  are  not  very  common  in  the  whiter  beds  above  the  Brown 
Limestone,  but  we  obtained  the  following : — 

Cyathophyllum  Murchiaani,  £.  &  H.  Chomtet  papilionaceaf  Phill.    (Flattened 

JHbunophyUum  sp.  form.) 

Lithottrotion  Martini,  E.  &  II.  Froductm  Cora,  D'Orb. 

Syrinffopara  sp.  JR.  gigantciu  (Mart.). 

AthyriM  expansa,  Phill.  Edmondia  sulcata  (Phill.). 

Sanguinolites  stnatolamellonun,  De  Ken. 

3Iorton   states  that    he   found    Lonsdaleia   duplicata    (Mart.)    and 

Z.   rugoaa^    M*Coy,    Lithostrotion    irregulare    (Phill.),    L.  juneeum 

(Flem.),  and  Z.  Fortlocki  (Bronn)  at  this  horizon.     In  the  appendix 

to  his  larger  work,  "The  Geology  of  the  Country  round  Liverpool," 

p.  318,  he  says :  *'  Of  the  37  species  in  the  Upper  Grey  Limestone 

of  Flintshire  there  is  only  one  which  seems  peculiar  to  it,  and  that 

is  Zonedaleia  rugosa,  but  it  occurs  in  the  Middle  White  Limestone 

of  Llangollen."      We  find  that  the  range  of  this  fossil  includes 

a  portion  of  the  Middle  White  Limestone  of  Morton. 

Mistakes  might  easily  occur  at  the  Eglwyseg  ridge  unless  the 

specimen  were  actually  taken  from  the  rocks  in  sitHj  for  slopes  of 

tains  extend  largely  from  the  top  to  the  base  of  the  hill,  and  fossils 

from  the  upper  beds  are  brought  down  in  this  way  and  mingle  with 

those  from  the  lower  beds. 


'^ 


Dr.  WheelUm  Hind  8[  John  T.  Stobbt-^ 


Still  higher  in  the  series,  Morton's  'Upper  White  Limestone  *  bas^ 
praottoally  the  same  fauna  as  the  heds  immediately  below,  and  hone^ 
no  palsBontological  line  oan  be  drawn  between  them. 

The  *  Upper  Grey  Limestone '  of  Morton  is  mach  richer  in  species 
than  the  beds  below,  and  is  oharacterised  by  the  abnndanoe  of 
giganteid  Producti  and  Sptrifer  hiBuleaius,  Sow.  >  Morton's  list  Is 
a  large  one,  containing  98  species  of  Brachiopods,  Lamellibranclis, 
Corals,  Eohinoderms,  Polyzsoa,  and  fishes.^  The  Lamellibranchs 
passed  through  the  hands  of  one  of  the  writers,  and  were  determined 
by  him  as — 

CoHoeardium  aliforms,  Sow.  Finnajlabelliformis,  Mart. 

Edmondia  Muleata  (Fhill.}.  Ft-otosehizodtts  impre$tut,  De  Kon. 

Zeiopteria  sp.  SanguinoliUt  elavatutf  B.  £th.,  Jan. 
Lithodomui  linguali*  (Phill.). 

With  regard  to  the  rest  of  the  fauna,  it  has  a  distinctly  Yisean 
facies,  and  indicates  the  upper  part  of  the  Carboniferous  Limestone. 
We  collected  the  following  Corals  in  bM  from  a  bed  nearly  at  the 
top  of  the  Ty-naut  ravine  below  the  yellow  calcareous  shales. 
Corals  are  present  in  great  abundance : — 


CyathophyUum  cf .  fv^itfrn,  Phill. 
JJibunophytlum  sp. 
Lithostrotion  etuifer^  £.  &  H. 
X.  irregulare  (Phill.). 
Z.junceitfn  (Flem.). 


X.  Fortheki  (Broun). 
Zonsdaieiajlariformit,  Lomd. 
X.  rttgota^  M'Coy. 
Fhillipsaitrtpa  radiata^  £.  &  H. 
Syringopora  sp. 


Morton  also  quotes,  amongst  others,  AulophyUum^  Axapkjflkm, 
several  species  of  Ciisiophyllnm,  Cyelophyllum  fungiU$,  Kaninehh 
jthyllum,  ZaphrenttB  JBowerhanJct,  Z.  cylindriea,  and  Z.  JStmiihiUeni — 
all  of  which,  with  the  exception  ot  ZaphrenttB  cylindriea  (=  Caninia), 
we  should  expect  to  occur  at  this  horizon. 

The  horizon  of  this  coral  band  all  over  North  Wales  is  definite, 
and  marks  out  a  time-zone  of  great  importance,  not  only  locally,  but 
one  which  can  be  perfectly  correlated  with  the  D,  zone  of  the  Bristol 
and  Mendip  areas,  so  ably  worked  out  by  Dr.  A.  Vaughan.* 

In  the  Eglwyseg  ridge  the  coral  zone  is  succeeded  by  yellowish 
calcareous  shales,  ^vhich  in  turn  are  overlain  by  a  whitish  limestone 
with  giganteid  Producti  and  crinoids.  This  bed,  we  suppose,  is  the 
top  of  Morton's  Carboniferous  Limestone  Series,  but  it  may  possibly 
belong  to  the  lowest  beds  of  his  Cefn-y-Fedw  Sandstone,  which  he 
terms  '  the  sandy  limestone.'  Above  this  limestone  Morton 
describes  **  a  bed  of  dark  grey  limestone,  11  feet  thick  .... 
It  contains  numerous  encrinite  stems  with  Frodneius  giganieu$, 
P,  semireticulatuSf  and  P.  Cora,  and  is  succeeded  by  yellow  fla^pgy 
sandstones  containing  annelid  tracks."  The  fact  that  P.  gigantmu 
occurs  here  militates  against  any  subdivision  at  this  borismi. 
If  one  feature  comes  out  strongly  all  over  the  British  Isles  and 
Belgium  it  is  that  P.  gigantetu  characterises  the  npper  beds  of  the 
Carboniferous  Limestone  Series,  and  that  the  faunal  change  only 
comes  on  when  this  shell  disappears,  whilst  from  the  stratigraphioal 

^  O.  H.  Morton :  "  Carboniferous  Limestone  of  Anglesey,"  pp.  62,  64. 
»  A.  Vaugban:  Q„3.0.aM^ol.hd.\>l?«  181-307. 
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point  of  view  this  P.  giganteus  bed  is  suooeeded  by  tbe  pebbly 
oonglomerate — a  bed  which  oan  be  traced  in  the  sequence  from 
Owemymynydd  to  Llangollen.  It  is  interesting  to  note  that  the 
npper  beds  of  limestone  at  Castleton,  Derbyshire,  contain  oocasional 
qnartz  pebbles. 

(xxxii)  Tlie  outlier  of  Carboniferons  Limestone  at  Corwen  was 
also  Tisited  by  one  of  us.  The  quarry  exposes  tbe  upper  beds  of 
the  limestone,  and  is  altogether  in  the  zone  of  Zonsdaleia,  the  upper 
DAwnophyUtun  zone,  but  it  is  impossible  to  ascertain  the  thickness 
of  the  beds  below  those  that  are  quarried.  At  the  top  there  are 
thick,  well -bedded  limestones,  beneath  which  are  shales  with  nodules 
in  layers  and  thin  limestones.  The  beds  worked  in  the  quarries  are 
estimated  by  Morton  at  80  feet.     The  upper  limestones  contain — 

Litkattrotum  Portloeki  (Bronn).  Martinia  glabra  (Mart^. 

Sfftingopora  ip.  JProductiM  giffantetu  (Mart.). 

ihjfnehontlla  pUurodon  (Pbill.).  F,  ptmeiatui  (Mart.). 

The  10  feet  of  black  shaly  beds  below  the  limestone  are  full  of 
corals,  and  coutain — 

Al9€oliteMteptota{¥\eim.).  Z.  Fortlocki  (Btojol). 

CyaihophyUuM  cf.  regiumt  Phill.  Lomdateia  rugota,  M'Coy.     (Very 

DibtMopAyUuM  sp.  aboxidant.) 

Litho9trotum  irrtyuUtre  (Phill.) .  Phillipaattraa  radiata^  E.  ft  H.  ( Common.) 

L.jHHeeum  (Flem.).  Seminula  ambigua  (Sow.). 

(xzziii)  South  of  the  Dee  the  limestone  outcrops  almost  con- 
tinuously for  12  miles  from  Fron-y-cysyllte  to  Llanymyneoh,  the 
outcrop  varying  from  a  half  to  one  mile  in  width.  It  is  of  interest 
that  at  Fron,  according  to  Morton,  only  the  upper  moiety  of  the 
series,  as  exposed  in  the  Eglwyseg  ridge,  is  present,  demonstrating 
the  fact  that  the  Wen  lock  beds  in  this  position  were  not  submerged 
till  later  on  in  Carboniferous  time.  This  also  seems  to  be  borne  out 
by  the  various  sections  of  limestone  at  Brou-y-garth,  Craignant, 
Llawnt,  Porth-y-waen,  and  Llanymyneoh.  At  the  latter  place 
Morton  estimated  the  whole  limestone  series  to*be  450  feet  thick, 
as  against  1,200  feet  at  Ty-nant,  near  Llangollen. 

Morton  ^  shows  the  following  variation  in  thickness  in  a  distanoe 
of  4  miles  from  west  to  east : — 

Tj-nant.  Tan-y-castell.  Treyor  Rocks.  Bronheulog.  Fron. 

1,200  feet.  1,025  feet.  607  feet.  295  feet.  115  feet. 

And  as  the  upper  part  of  tbe  series  is  similar  in  each  locality,  it 
follows  that  the  floor  on  which  the  limestone  was  deposited  was 
very  uneven,  and  a  considerable  overlap  of  the  upper  beds  occurs 
locally  and  in  a  definite  manner  from  south  to  north. 

(zxxiv)  A  traverse  from  Sweeney  Mountain,  through  Treflach 
Wood  Quarries,  gives  a  fairly  complete  view  of  the  sequence  in  this 
area.  The  old  tramway  which  afforded  the  section  of  Cefn-y-Fedw 
Sandstone  published  by  D.  C.  Davies '  and  by  G.  H.  Morton '  has 
now  unfortunately  largely  disappeared,  but  many  of  the  beds  can 

^  O.  H.  Morton :  op.  sop.  cit.,  p.  39. 

»  Gbol.  Mao.,  Vol.  XII  (1870),  p.  69. 

'  G.  H.  Morton:  op.  sup.  cit.,  p.  93,  pU  vl. 
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still  be  seen.  Morton  estimated  the  thioknees  of  theae  beds  si 
about  500  feet  Several  qaarries  still  exist  oloee  to  the  tramway, 
showing  sandstones  of  various  shades  of  oolotr.  The  hi^^iest  bed, 
called  by  Morton  the  Sweeney  Mountain  Sandstone,  is  a  very  whits 
and  soft  rook,  in  whioh  are  traoes  of  fossils,  fragments  of  Brao&opodi^ 
and  an  obscure  ooral.  Below  this  bed  are  other  sandstones,  pink 
and  red  in  oolour,  containing  marine  fossils— 

Aetinoetrtu  gifmUium,  Sow.    {Fide  Morton.) 

Frodmtutv^. 

SehiEopKwria  ruupinaia  (Mart.). 

Still  lower  oomes  a  hard  white  sandstone  estimated  at  70  feeti 
resting  on  150  feet  of  soft  red  sandstone,  whioh  is  fossiliferoos  in 
places. 

The  following  section  is  to  be  seen  at  the  Trefiaoh  Wood 
Quarries : — 

6.  Pebbly  grit,  1  foot. 

4.  Soft  rod  (urndstone,  6-8  feet. 

Gap,  hollow  ground,  graaaed  oyer. 
3.  Thin  beds  of  limestone,  20  feet. 
2.  Limestone  and  shale,  10-16  feet  (the  limestones  yarrinff  from  6  in.  te 

1ft.  thick). 
1.  Dark  limestones,  well  bedded. 

Thin  limestones  (2)  contain — 

CampophyUum  aff.  Murehii<m%t  E.  ft  H. 
Cyathophyllum  cf.  regium^  PhilL 
Trodmtus  gigantetu  (Mart.). 

Thin  beds  of  limestone  (3)  contain — 

AUtolites  septosa  (Flero.).  Z.j'uneeum  (Flem.). 

Campophylltim  aff.  Murehitoni^  £.  ft  H.  ZontdaUiaJhriformit  (Flem.). 

IHbunophyllum  sp.  Froduclut  giganteut  (Mart.). 
Lithoitrotion  irregulars  (Thill.). 

The  same  series  with  a  similar  fauna  ocour  at  Dolgoch,  a  little 
more  than  a  mile  S.S.W.  of  the  last  section. 

(xxxv)  The  sandstones  of  the  Cefn-y-Fedw  Series  at  Selattyn, 
Oswestry  Racecourse,  and  Sweeney  Mountain  are  fossiliferoast 
and  the  following  species  were  obtained,  many  of  which  have  bees 
mentioned  by  Da  vies  and  Morton  : — 

Rhynehonella  pUurodofi  (Thill.).  E.  sulcata  (Thill.). 

Orthoteies  crenistria  (Phill.).  Farallelodon  Oeinittif  De  Eon. 

Froductus  Cora^  D'Orb.  P.  8emi€08tatut{?), 

F,  eoitatusy  J.  Sow.  Finna  JlabeUiformiSy  Mart. 

F,  punctatM  (Mart.).  Frotoschizodut  aguilateralit  (M'Coy). 

Sehizophoria  retupinata  (Mart.).  Tellinomorpha  euneiformiSt  Hind. 

Spiri/er  sp.  Fleurotomaria  sp. 

Edmimdia  Ooldfu$H,  De  Kon. 

(h)  Fendleside  Series. 

The  best  exposure  showing  the  conformable  relation  of  the 
Pendleside  Series  to  the  underlying  cherts  is  seen  at  the  Graogs 
Quarry,  Holloway  (lat.  53°  16'  35"  N.,  long.  3°  14'  25"  W.),  aboot 
a  mile  north  of  Holywell.  At  the  entrance  to  this  quarry  the  black 
shales  and  thin  platy  black  limestones  are  deposited  directly  on  tho 
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^erts,  wbiob  at  ibis  looalitj  are  abont  25  feet  tbiok  and  dip 
eastwards  at  20^.  The  cberts  in  torn  rest  on  tbe  oppermost  beds  of 
limestone,  so  tbat  tbe  suooession  bere  is  nninterrupted,  and  presents 
no  complications.  In  tbe  Pendleside  limestones,  wbiob  are  rarely 
more  tban  2  inobes  in  tbiokness,  tbe  following  fossils  were  fonnd  : — 

JPosidommtfa  mtmbranaeea,  M'Coy.     (Abundant.) 
AeroUpis  EopkinH  (M'Coy).     (Iiot  rare.) 

A  small  portion  of  tbe  same  borizon,  consisting  of  black  sbalet 
and  tbin  black  limestones,  bas  escaped  denudation,  and  may  be 
observed  resting  conformably  on  about  70  feet  of  black  cberts  (tbe 
foil  section  of  wbicb  was  not  exposed)  near  tbe  foot  of  tbe  bill  at 
Pentre,  near  Gronant  (see  eupra,  p.  393)  (lat.  53°  20'  20^'  N.,  long. 
3°  21'  30^'  W.).  At  tbe  east  side  of  tbe  entrance  to  tbis  quarry  we 
liave  tbe  following  section : — 

3.    Thin,  platj  black  Hmentones. 

2.    Soft,  laminated  black  ehalee,  1  ft.  6  in. 

1.    Black  cberts  in  beda  from  1  in.  to  3  in.  in  thicknees. 

Tbe  black  limestones  at  tbe  top  of  tbe  section  bave  tbe  obaracteristic 
*  sawn  edges'  referred  to  later  (p.  452).  Tbe  black  sbales  yielded 
tbe  following  list : — 

F6$idonomya  Beeheri,  Bronn.    (Bare.)       Plant-remains.    (Indeterminable.) 
■Cladodus,     (Teeth.)  Aerolepit  Sopkinti, 

Beds  identical  witb  tbese  are  exposed  on  tbe  west  side  of  tbe 
road  at  and  below  tbe  well  near  Gronant  Mine  (lat  53°  20'  7"  N., 
long.  3°  21'  W.),  wbere  tbey  are  found  to  dip  nortb  at  13°. 

Succeeding  tbese  beds  in  order  of  deposition  is  tbe  following 
section  of  a  large  quarry  in  tbe  wood  facing  to  tbe  soutb  the  Nant  Hall 
Hotel,  near  Prestatyn  (lat.  53°  19'  60"  N.,  long.  3°  23'  10"  W.)  :— 

Lady  McLaren's  Quarry. 
ft.  in. 


16. 

Sbales  and  limestone 

•  •  • 

•  •  • 

12 

0 

15. 

Sbale        

•  •  • 

•  •  • 

1 

0 

Fterinopeeten  papyraeew  (Sow.). 
(Abundant.) 

14. 

Fissile  limestone  ... 

•  •  • 

•  •  • 

2 

0 

FCerinopecteti  papt/raeeua  (Sow.). 

13. 

Paper  shales 

•  •  • 

•  •  • 

0 

4 

12. 

Platy  black  limestones  and  sbales 

1 

0 

Froductut  hemisphericuif  J.  Sow. ; 

Crinoids. 

11. 

Sbale 

•  •  • 

•  •9 

0 

3 

10. 

Black  limestone    ... 

•  •  • 

•  •  • 

0 

3 

9. 

Sbell  bed  (limestone) 

•  •  • 

•  ■  • 

1 

6 

8. 

IJracstone  and  sbales 

•  •  • 

•  •  • 

2 

6 

7. 

Sbales 

•  •• 

•  •   • 

0 

5 

6. 

Limestone 

•  •  • 

•  •   • 

1 

4 

5. 

Shales       

•  •  • 

•  •  • 

0 

4 

4. 

Thin  platj  limestones 

•  •  • 

•  •  • 

1 

6 

PterinopeeUn  papyraaut^  OrhieU' 
loidea  nitida. 

3. 

FissQe  black  shales 

•  •• 

•  •   • 

1 

2 

GlyphioceraB  sp.,  Amuiium  sp., 
plant-remains. 

2. 

Black  limestone    ... 

•  •  • 

•  •  • 

1 

10 

Phillipsia  Polleni,  Cyathaxonia. 

1. 

Sbale        

■  •  • 

•  •  • 

2 

04-   Amplexi-zaphrmtiSy      Aerolepit , 

WiUonia^    Elonichthyt    (scale), 

large  \j\a^. 

452  Dr.  WheeUon  Hind  8f  John  T.  Stobbs— 

In  addition  to  the  fossils  given  in  the  ahove  section.  No.  9  (sheO 
bed)  oon tains  Amplexi-zaphrentia  sp.,  FroduetuB  giganUus  (Ifturt), 
P.  Cora,  D*Orb.,  P.  hemsplieriau,  J.  Sow.,  and  Spiri/er  bi$fdeaius, 
Sow.  No.  13  (paper  shales)  contains  Pterinopeeten  papyraceug  (Sow.) 
(in  abundance),  Gbniatites,  and  plant-remains.  No.  16  (shales  and 
limestones)  contains  Pozidonomya  Becheri,  Bronn  (common),  Ortko' 
ceraa  sp.,  and  Dithyrocaria  sp. 

In  the  same  wood,  not  many  yards  from  the  last  section  and 
resting  immediately  above  it,  is  an  excellent  ezposare  of  the  thinly 
bedded  black  limestones,  whose  upper  and  lower  surfaces  are 
remarkably  planar.  When  struck  by  a  hammer  they  prodaoe 
a  sonorous  metallic  '  chink.'  Their  vertical  joints,  as  they  are  seen 
passing  through  all  the  platy  limestones  in  contact,  have  the 
appearance  of  the  sawn  edges  of  a  pile  of  boards.  These  black 
limestones  of  this  horizon  we  will  refer  to  as  '  Teilia  Beds,'  from  the 
fact  of  their  occurrence  at  a  farm  called  Teilia,  near  Gwaen-ys-gor. 
At  the  quarry  already  mentioned  near  Nant  Hall  Hotel  the  beds  dip 
to  the  west  at  5°,  and  the  following  list  was  obtained  : — 

Pondonwnya  Beeheriy  Bronn.   (Common.)         Dithyroearit  sp. 
Goniatitee.  Plant-renuiins. 

Orthoeeras  sp. 

The  same  beds  are  to  be  found  in  a  quarry  under  the  road  leadinj^ 
from  Prestatyn  to  Gwaen-ys-gor  (lat.  63°  19'  40"  N.,  long. 
30  23'  20"  W.),  where  they  are  faulted  to  the  east  against  beds  of 
Carboniferous  Limestone  (see  p.  392).  The  fault  can  be  traoed 
close  to  the  road,  and  its  downthrow  to  the  east  is  estimated  to  be 
at  least  80  feet.  In  this  quarry  the  following  fossils  were  fairly 
common  : — 

FrodttetuspHcatiHSySovf.  Orthoeerat  6^. 

Posidonomya  Bechcri,  Bronn.  Flantt. 

Lower  down  the  hillside  and  cropping  out  midway  between  the 
first  and  second  bends  in  the  road  from  Prestatyn  (lat.  03°  19'45"K>» 
long.  3°  23'  25"  W.),  the  underlying  limestone  shales  were  observed 
dipping  S.S.E.  at  15°  and  containing  the  following  fauna : — 

PosidmieUa  lavis  (Brown),  or  young  form    rterinopecUn  papyraeeut  ^Sow.). 

of  Fotidotiotnya  Bechei'i,  Bronn.  Glyphioeeras.     (Large  reticulate  form') 

Potidonomya  JBeeheiHt  Bronn.   (Abundant.)     P  Frolecanites  cotnpresnu. 

The  section  at  Teilia  (lat.  63°  19'  15"  N.,  long.  3°  22'  66"  W.) 
has  been  frequently  described,  and  the  plants  collected  there  form 
the  subject  of  a  paper  by  Mr.  R.  Eidston,^  F.H.S.,  who  in  it  sayi 
(p.  427) :  **  Little  or  no  assistance  is  given  in  deciding  this  point 
[i.e.  the  horizon]  by  the  molluscan  remains,  as  some  of  them  extend 
from  the  base  to  the  top  of  the  Carboniferous  formation."  Tbo 
following  list  of  the  fauna  collected  at  this  locality  enables  the 
correlation  of  this  horizon  to  be  made  with  certainty  and  ezactDe«s, 
not  only  with  those  sections  above  described,  but  with  others  io 
widely  separated  areas  : — 

»  Trans.  Eoy.  Soc,  1E^\i\3a%\i,  \qU  xxxv  (1888),  pp.  419-428. 
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FMtdoniettm  UevU  (Brown).  Orthourat  sp. 

Fotid4momya  B€ehiH(hxorm).  {pommxm,)  SpirorbU  sp» 

Fterinope^em  ef .  earbonariutf  Hind.  (Jstracods. 

Mhynehonella  sp.  Fuh -remains. 
Olypkioeeraa  rttieulatum  (Pbill.). 

Mr.  Eidflton's  paper  may  be  referred  to  for  an  aooount  of  the 
plants  from  this  locality :  it  is  interesting  to  note,  however,  that 
this  flora  occurs  in  the  Pendleside  Series  of  Poolvash,  Isle  of  Man, 
Pendle  Hill,  and  North  Staffordshire,  associated  as  at  Teilia  with 
a  typical  Pendleside  fauna. 

We  are  indebted  to  Mr.  T.  W.  D.  Gregory  for  the  following 
analyses  of  samples  of  this  limestone  which  were  collected  from 
the  quarries  at  Teilia  and  near  Prestatyn : — 

Teilia.     Nbab  PrestattI 
Moisture         0*104      ...  0*63 

Analytic  of  Dried  SampU, 

Carbon  dioxide  (C  Oj)           38*68  ...  26*76 

Ferric  oiide  (F«  Os) 0*73  ...  0*71 

Alnminium  oxide  (Alj O3)      1*27  ...  0*69 

Calcium  oxide  (Ca  0) 43*60  ...  32*57 

Magnesium  oxide  (Mg  0}      0*61  ...  0*61 

Soluble  silica  (Si  0,) 0*11  ...  0*32 

Phosphorus  pentoxide  (P]  O5)           ...  trace  ...  — 

*  Insoluble  residue        14*91  ...  38*31 

^Analysis  of  insoluble  residue. 

Or  anic  matter  +  combined  water    ...  2*92  ...  0*95 

Silica  (SiOa) 10*26  ...  34*65 

Aluminium  oxide  (AI2 O3)      1*70  ...  2*48 

Ferric  oxide  (Fej 63) trace  ...  trace 

Somo  strata,  possibly  a  little  higher  in  the  series,  were  examined 
in  a  quarry  on  the  high  side  of  the  road  leading  from  Holywell  to 
Brynfoid  (lat.  63°  16'  10"  N.,  long.  3°  13'  10"  W.).  We  found 
similarly  thin-bedded  black  limestones  overlying  finely  laminated 
black  bliales,  and  all  dipping  off  the  flanks  of  the  mass  of  Car- 
boniferous Limestone  of  Halkyn  Mountain.  In  the  black  limestones 
we  found — 

Posidonomya  Beeheriy  Bronn.     (Rather  rare.) 
Flant-remainB.    (Indeterminate,  but  not  rare.) 

In  sh-atigraphical  sequence  the  next  horizon  is  exposed  near  the 
entrance  to  Nant-figillt  at  Hendre,  where  a  brickworks  is  established 
for  the  manufacture  of  bricks,  etc.,  from  the  soft  laminated  black 
shales  which  are  quarried  there  (lat.  53°  12'  N.,  long.  3°  11'  10"  W.). 
Near  tlie  floor  of  the  quarry  is  a  band  of  thin  black  limestone  which 
is  very  fossiliferous,  and  has  yielded  the  following : — 

Lingula  mytiloideM,  Sow.     (In  adjacent  shales  also.) 

Posidoniella  la  vis  (Brown). 

JP.  minor  (Brown). 

Pterinopeelen  papyraeens  (Sow.).     (In  shales  also.) 

Dimorphoceras  Oilbertsoni  (PhilL). 

Olyphioceras  cf.  FhiiUpsi,  Foord  &  Crick. 

4Sf.  retieulatum  (Phill.). 
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Higher  again  in  the  seriei  a  meotion  oonsisting  of  laminated  duk 
shales  is  seen  on  the  eastern  side  of  the  Baggilt  Old  Boad,  near  tlie 
bottom  of  the  valley  aboot  fmile  from  Holywell  (lat.  53^  16'12"N.r 
long.  3°  12'  35"  W.).    l^he  following  famia  was  oolleoted  :— 

FHnidonieUa  lavU  (Brown).    (Very  abundani.) 
Ft0rinopeeten  earbmaruts.  Hind. 
JP.  papyraeeut  (Sow.). 

Near  the  summit  of  the  sharp  rise  from  the  bottom  of  the  yalleyr 
200  yards  farther  on  the  same  road  from  Holywell,  there  is  an 
exposure  of  soft  blaok  shales,  which  are  rather  barren  of  foasii 
remains. 

The  cutting  on  the  north  side  of  the  Glyn  Abbot  Bead 
(lat  63°  16'  22"  N.,  long.  3°  12'  20"  W.)  presents  a  fairly  thiok 
series  of  soft,  pyritous,  black  shales,  which  are  the  highest  beds  of 
the  Pendleside  Series  examined  in  sUHl  by  us  in  this  district.  A  few 
feet  above  the  level  of  the  road  is  a  band  of  black  limestone  aboot 
8  inches  thick,  which  in  one  layer  is  crowded  with  a  peculiar 
JProdnetu9,  which  is  also  found  about  this  horizon  at  Congleton  Edge, 
Oheshire,  and  according  to  Dr.  A.  Vaughan  occurs  in  stage  e  of  the 
Bristol  area.  Concerning  Produetus  e,  Dr.  Vaughan  reports  that  it 
shows  effects  of  convergence  with  FroductuB  aff.  Cora  and  P.  affl 
hemispherieus  and  homoeomorphy  with  F,  semiretieulatus.  It  is  a  very 
complex  type,  and  is  identical  with  the  most  abundant  form  which 
is  found  in  the  Upper  Dihunophyllum  zone  and  stage  €  near  Wick,  East 
Bristol  area.  In  the  above  section  the  shales  overlying  the  thin 
limestone  yielded — 

Lingula  mytiloideM^  Sow.  Actinoptei-ia  persnhata,  M'Coy,  pp. 

Zeiopteria  lonffirostt-is,  Hind.  Glypkiocfraa  diad^ma^  Berg. 

FosUhniella  ^t«(Bruwn).  (Very  common.)  O,  Phillipaiy  Crick. 

JP.  minor  (Brown).  Orthoetras  Uteinhattsri^  Sow. 

Fterinopeeteti  earbonarit4tf  Hind.  Beed-like  plant- remaioB. 

F.  papyraceun  (Sow.). 

(c)  The  MilUtone  Qrit. 

This  member  of  the  Carboniferous  system  is  represented  in  North 
Flint  by  the  massive  grit  so  extensively  quarried  in  the  neigiibour- 
hood  of  Gwespyr  and  Talaore,  where  its  thickness  iH  at  least 
300  feet;  it  is  usually  referred  to  as  the  Gwespyr  Sandstone. 
There  is  a  small  exposure  in  the  road  leading  from  Kelston  Farm 
to  the  bridge  near  the  head  of  Talacre  Dingle,  whose  stream,  also, 
has  out  through  the  same  thick  sandstone,  where  it  forms  steep 
bank-sides,  and  gives  rise  to  the  dantesque  scenery  for  which  the 
dingle  is  well  known.  At  the  top  end  of  the  smaller  lake  which 
the  stream  of  the  Dingle  enters,  there  is  a  small  exposure  of 
'  crowstones.'  At  the  village  of  Gwespyr  the  bedding-planes  of 
the  large  blocks  of  grit  obtained  from  the  quarries  are  marked  by 
abundant  debris  of  leaves  and  stems  of  plants ;  Siigmaria  fieoide$ 
(Stemb.)  was  collected  from  one  of  these  layers. 

Reference  has  been  made  {ante,  p.  446)  to  the  representative  of  the 
Gwespyr  Sandstone  near  Berwig  station,  the  most  southerly  poin4 
at  which  any  representative  of  the  Millstone  Grit  appears  in  force. 
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i.    ThB  actual  SkQUSMOB  Af  HOW  SSTABLIBHKD. 

Fhe  chief  resalt  of  our  examination  of  this  area  of  development  of 
rboniferooB  rocks  is  the  discovery  that  the  sequence  is  normal,  in 
ny  respect,  to  that  observed  throughout  the  North  Midlands, 
e  structure  of  the  country  is  fairly  indicated  by  its  topographical 
tores,  and  the  succession  of  the  chief  divisions  of  the  Carboniferous 
Item  is  not  obscured  or  complicated  by  the  various  faults  that 
Terse  the  district.  Both  the  pal  seen  tologioal  and  litholog^cal 
[uenoe  agree  most  remarkably  with  that  already  established  for  the 
Ml  of  the  southern  portion  of  the  Pennine  Chain,  as  will  be  seen  from 
I  following  diagram  (Fig.  2)  of  tbe  succession  in  North  Wales  : — 
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Note. — This  diagram,  Fig.  2,  is  not  Va  «C82a. 
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The  above  general  suooessioa  was  made  out  from  field-work  and 
from  analysis  of  the  fossils  oollected  during  that  work,  but  our 
conolusions  received  oonfirmation  from  an  unexpected  source  whioh 
it  is  desirable  to  mention  here.  A  few  years  a^  a  water-level  was 
driven  from  Baggilt  to  the  East  Halkyn  Mine,  which  passed 
through  the  whole  series  from  the  Coal-measures  to  the  Carboniferous 
Limestone.  We  are  much  indebted  to  Mr.  J.  Powell  Jones,  of 
Holywell,  for  calling  our  attention  to  this,  and  for  showing  us  the 
section  of  the  tunnel.  Mr.  Jones  also  took  the  trouble  of  pointing 
out  to  us  the  debris  from  the  excavation  of  the  tunnel  in  the  order 
in  whioh  it  was  drawn  (so  far  as  he  could  certify  this),  it  having 
Iteen  tipped  aeriatim  over  a  great  area  of  ground.  We  saw  several 
typical  large  Pendleside  bullions,  and  from  the  shales  we  collected — 

rotidoniella  lavi*  (Brown).  Nautiloid  form.    ^ 

rterinopeeten  papyraeeut  (Sow.).  Aa'oUpit  Hopkinti  (?). 

GoniaiiteM.  Listracanth%u  sp. 

We  also  observed  a  grit  which  Mr.  Jones  informed  us  was  met 
with  near  the  top  of  the  cherts,  and  which  was  crowded  with 
detached  fish-remains  (teeth,  spines,  etc.),  representing  undoubtedly 
the  great  bed  at  the  top  of  the  section  at  Gwemymynydd  (p.  398). 
The  full  thickness  of  the  Holywell  shales  was  about  1,000  feet,  as 
proved  by  this  adit-level. 

With  respect  to  the  correlation  of  the  numerous  exposures  of 
Carboniferous  Limestone  there  is  more  difficulty ;  we  may,  however, 
as  a  preliminary,  make  some  observations  on  the  range  and  dis- 
tribution of  the  most  important  and  most  abundant  fossils  (chiefly 
Corals  and  Brachiopods)  which  occur  throughout  this  district 

Seminula  JicoideBt  Vaughan.  This  form  characterises  the  lowest 
l)ed8  of  the  series,  whioh  may  be  seen  at  Llandulas  and  south  of 
Dyserth.  Its  vertical  range  is  rather  limited,  and  for  that  reason 
it  is  of  great  value  for  stratigraphical  purposes.  At  Llandulas  and 
Minera  it  is  associated  with  Daviesiella  LlangolUnsiB  (Dav.),  whioh 
also  appears  to  have  a  limited  range  and  yet  possess  a  wide 
distribution.  Both  forms  were  very  numerous  ;  the  latter  occurs  at 
Llandulas,  Minera,  and  Eglwyseg  ridge. 

Cyathophyllum  Murchisoniy  E.  6s  H.  The  range  of  this  coral  is 
very  conHiderable,  and  its  zone  is  mainly  above  that  of  Seminula 
^ofVfes, Although  they  possibly  overlap  to  a  slight  extent  In  the 
lower  portion  of  the  zone,  it  is  very  abundant  at  Bwlch-y-gwynt, 
near  Dyserth,  near  Llanferres,  Llanarmon,  Eglwyseg  ridge,  and  near 
Sweeney  Mountain,  and  at  nearly  all  these  localities  it  is  associated 
with  Chonetes  papilionacea^  Phill.,  which  is  also  abundant  The 
highest  beds  in  which  it  occurs  are  seen  near  Axton  Mine,  at  Hendre, 
and  at  Trefiaoh  Wood  Quarries,  where  it  occurs  near  the  base  of 
Productus  giganUui  zone,  and  is  associated  with  CampophyUum 
Murchisoni,  E.  <&  H. 

Cyathophyllum  of.  regium,  Phill.  This  coral  was  found  in  beds 
just  below  the  highest  of  the  series  at  Hendre,  Minera,  Corwen, 
Eglwyseg  ridge,  and  Trefiaoh  Wood  Quarries,  and  was  always 
associated  with  Zithostrotion  irregulare  (Phill.),  L,  jnneewn  (Flem.), 


Th$  Carboniferous  Stieceaaton  below  the  Coal-Measures.    457 

Z.  PorUocki  (Bronn),  and  frequently  with  Lonsdaleia  rugosa,  M'Goy, 
and  Phillipsastraa  radiaia,  £.  &  H.  It  differs  somewhat  from  the 
typical  C.  regittm  from  the  Bristol  area. 

Dibunophyllwrn.  Corals  belonging  to  tliis  genus  are  distributed 
through  the  whole  series  of  the  Carboniferous  Limestone  of  North 
Wales,  with  the  possible  exception  of  the  lowest  of  these  or  the 
Seminula  fieoides  zone. 

Litkosiroiion  Martini,  E.  &  H.  This  coral  appears  to  characterise 
those  limestones  that  occupy  an  intermediate  position,  and  it  has 
therefore  a  moderate  range,  extending  from  the  base  of  Cyathophyllum 
Hurehisoni  zone,  as  seen  at  Bwlch-y-gwynt  and  near  Llanferres,  to 
beds  300  feet  higher  in  tlie  series  at  Pot  Holes,  in  the  White 
Limestone  on  Holywell  Common  above  the  Grange  Quarry  (see 
section,  Fig.  1,  p.  394),  at  Gwaenysgor,  and  in  the  White  Limestone 
overlying  the  Brown  Limestone  of  the  Eglwyseg  ridge. 

lAthosiroiion  irregulars  (PhilL),  L.  PorUocki  (Bronn),  Z.  jnnceum 
(Flem.).  These  species  are  found  most  abundantly  in  beds  which 
form  the  uppermost  100  feet  of  the  Carboniferous  Limestone  of  this 
district,  as  exposed  at  Hendre,  Gwernymynydd,  Pot  Holes,  Minera, 
Ty-nant  ravine,  Corwen,  and  Treflach  Wood  Quarries;  they  are 
thus  seen  to  be  widely  distributed. 

Calophyllum  0,  Campophyllum  Murehisoni,  ClisiophyUum  Curkeenensis, 
These  three  corals  are  not  very  abundant,  and  have  only  been  found 
in  the  upper  beds  of  limestone  occurring  at  Waenbrodlas,  near 
Owyndy,  and  at  IVeflach  Wood  Quarries. 

JSpiri/er  triangidaria  (Mart.),  S.  trigonalis  (Mart.),  d'Orb.  These 
Brachiopods  practically  make  up  whole  beds  in  quarries  at  Gwerny- 
mynydd and  north  of  Gwyndy,  at  an  estimated  distauce  of  100  feet 
from  the  top  of  the  limestone. 

Produelus  longispinus,  Sow.  This  is  abundant  in  the  uppermost 
beds  only  of  the  limestone,  such  as  the  Aberdo  Limestone  horizon, 
and  it  extends  into  the  cherts  at  Gronant. 

Amplexi'Zaphreniis.  This  genus  is  fairly  abundant  in  the  upper 
portion  of  the  limestone,  and  has  a  wide  distribution. 

Clisiophyllum  aff.  Curkeenensis,  Vaughan,  Calophyllum  0,  Yaughan. 
These  two  species  of  Corals  have  only  been  found  near  the  top  of 
the  limestone,  and  are  more  restricted  than  Frodnctns  longispinuSf  Sow. 

Produetus  gigarUeus  (MarL).  These  large  Brachiopods  are  very 
abundant  in  the  top  beds  of  the  limestone ;  after  a  distance  of 
100  feet  from  the  top  they  are  of  sparing  occurrence,  and  are  not 
met  with  in  those  beds  where  P.  Cora,  d'Orb.,  and  P.  hemispherieus 
are  so  abundant  near  the  base  of  Cyathophyllum  Mnrchisoni  zone. 

By  analysis  of  the  fossil  lists,  then,  we  are  enabled  to  correlate, 
with  varying  degrees  of  precision,  the  different  exposures  of  the 
Carboniferous  Limestone  in  this  part  of  North  Wales.  In  ascending 
order,  the  localities  affording  sections  in  tlie  same  horizons  may  thus 
be  summarised : — 

1.  The  lowest  limestones  at  Llandulas ;  Pentre  -  bach,  near 
Dyserth  ;  and  Eglwyseg  ridge,  near  Dibrun  Uchaf.  Characteristic 
fossils:  Seminula  fieoides,  Daviesiella  Llangollensis, 
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2.  The  beda  eaat  of  Bwloh.y.gwynt,  at  the  foot  of  the  liitl  imu 
LUnforrea,  and  nntr  LlanormuD.  Charaoterislio  foaaila:  Cga&o- 
phgUum  Mwrehitont,  CkoneU*  jntpilionai!4a,  Prodvetua  Ootv,  P.  A«aii- 
iphwieut. 

8,  Intermediate  strata,  wbou  poaition  relative  to  one  BnotLer 
evinot  M  yet  be  definitely  aiaigned,  appear  at  the  aurr«oe  at  MelideB, 
Qwaenyagur,  Azton  Mine,  Oarreg,  and  Cat  Hole,  east  of  the  Lofcgar- 
heads  Inn.  Cbaraoteriatio  foasile :  ProdueUi*  Cora  (few),  P.  hawu- 
tpierieut  (ooma)on),P.gigatiUut  (notrare).  The  quarry  at  Holy  well 
Oomnion,  above  the  Qrange  Farm,  is  probably  at  the  npper  limit  of 
this  boriKon  (see  Fig.  1,  p.  394). 

4.  Ilie  nezt  stage  is  exposed  at  Hendre,  Qwemymynydd.  north 
of  Qwyndy,  Pot  Holes  (the  laat-nained  quarry  can  be  definitely 
oorrelated  withthe"No.  1  Enorinital  Limestone"  at Gwernymynydd; 
see  p.  39B),  Miners,  Ty>nant  ravine,  Gorwen,  and  Treflaoh  Wood 
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Qoarrie*.  Oharaotoristio  foMils :  AmfUx%'Zaphr€nti9,  LithoBiroiumr 
irwe^fdare,  L^j'tmeemm,  L.  Portlochi,  Spirifer  InsuleatMB,  S.  triangulari»f 
8,  irigonaltB, 

5.  The  uppermott  beds,    whioh    in    all  probability   were  not 
depo8ite<i  over  the  whole  of  this  Carboniferous  area  (p.  394),  are  seen- 
at  Trelogan,   Gk>rsedd,  Holloway,   Waenbnxllas,  Eglwyseg  ridge» 
and  Treflaoh  Wood  Quarries.    Charaoteristio  fossils  : — 

O^miMtaomim  Buahimna.  Lonsdahiajlotiformit. 

OUmcphpUuM  CurkMrnrntii.  Produetu*  giganteut, 

CkUtph^lium  #.  P.  loHgispmut, 
Omi^opkyUum  Murehisoni. 

6.  The  yery  highest  member  of  the  Carboniferous  Limestone 
Series  are  the  cherty  beds  and  their  equivalent  oaloareous  grits  or 
Oefn-y-Fedw  Sandstone,  as  exposed  near  Pentre  Halkyn,  Holloway, 
Qronant,  Qorsedd,  Trelogan,  Prestatyn,  and  Graianryd.  The  grits 
ara  oharaoterised  by  the  presence  of  abundant  fish-remains  in  a  more 
or  lesa  fragmentary  state. 

(To  b4  coneludsd  in  our  next  numbn:) 

ly. — Tarn  SoMABULA  Diamoud  Fikld  ov  Rhodisia. 

By  F.  p.  MixsrELL,  F.O.8.,  Curator  ot  tho  Rhodesia  Museum,  Bulawayo. 

rilHE  last  few  years  have  inaugurated  a  new  era  in  the  history  of 
X  the  South  African  diamond  deposits,  inasmuch  as  rich  bodiea- 
of  diamantiferous  ground  have  been  located  at  great  distances  from 
looalities  which  have  previously  been  worked  successfully.  The 
g^oup  of  which  the  Premier  Mine  is  the  best  known  member  is  the 
most  striking  example  of  this  extension  of  area,  but  the  centre  of 
fpravity  of  the  diamond- mining  industry  seems  to  be  gradually 
iriiifting  northward,  and  the  opening  up  ot  the  interesting  deposit  of 
the  Somabula  Forest,  so  far  north  of  any  other  known  occurrence, 
foreshadows  the  development  of  an  important  branch  of  the  industry 
in  the  Cinderella  of  the  South  African  provinces,  as  'Hhodesia  has 
been  not  inaptly  termed. 

No  detailed  or  authentic  description  of  the  Somabula  field  has  so 
fiiur  appeared.  The  writer  briefly  referred  to  the  occurrence  of 
a  remarkable  gravelly  deposit  west  of  Gwelo  in  his  **  Geology  of 
Southern  Bhodesia,"  and  ascribed  its  formation  to  the  Tertiary 
period,  a  course  which  appears  fully  justified  by  more  recent  and 
detailed  investigation.  Ue  hetd  already  seen  diamonds  and  other 
gems  from  the  locality,  but  had  not  been  made  aware  of  their 
source.  Last  year  he  made  an  examination  of  the  ground  on  behalf 
of  the  South  African  Options  Syndicate,  who  hold  a  large  area  on 
the  field  and  who  have  just  erected  plant  for  producing  diamonds 
on  a  large  scale.  The  reports  of  their  preliminary  operations  will 
have  shown  that  a  rich  deposit  of  good  quality  stones  has  been 
opened  up.  A  large  quantity  were  disposed  of  at  a  price  which 
works  out  at  £3  ITi.  per  carat,  and  a  smaller  parcel  sold  more 
leoently  fetched  £6  per  cnrHf.  Tlie  following  notes,  for  permission 
to  publish  which  1  am  imiebted  to  the  Syndicate,  are  intended  to 
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afford  some  idea  of  the  geological  and  mineralogical  features  of  the 
field,  of  which  I  hope  to  give  a  much  more  detailed  account  wX  an 
early  date. 

The  diamond  area  may  be  described  as  a  tongue  of  the  Somabula 
Forest  stretching  along  the  central  plateau  of  Rhodesia  from  the 
Uvungu  Biyer  for  about  seven  miles  in  the  direction  of  Gwelo. 
The  beds  of  which  it  consists  are  undoubtedly  younger  than  the 
Forest  Sandstones,  as  shown  by  their  numerous  pebbles  of  agates 
derived  from  the  lavas  interbedded  with  those  rocks,  but  they  are 
probably  very  different  in  age,  and  may  perhaps  be  regarded  as  the 
uppermost  portion  of  the  Forest  Sandstone  series.  They  directly 
overlie  the  granite  of  the  watershed,  on  to  the  apex  of  which  they 
extend,  but  further  down  the  Uvungu  River  the  ordinary  Forest 
Sandstones  are  met  with.     The  general  sequence  appears  to  be — 

5.    Surface  rainwash,  etc.,  cliiefly  redistributed  grayel  and 

sand  (often  absent)      say  10  feet 

Somabula  (  ^*    Red  and  white  sands        say  40  feet 

Beds      1^'    Gravel,  with  partings  of  clay,  etc.  say  40  feet 

*     (2.    White  micaceous  sand      30  feet 

resting  unconformably  upon 
1.    Granite. 

The  top  of  the  upper  sandy  beds  is  not  seen,  but  the  thickness 
given  is  probably  well  within  the  mark,  llie  levels  of  the  granite 
bed-rock  also  vary  considerably,  and  the  beds  themselves  tend  to 
assume  a  lenticular  shape,  so  that  it  is  impossible  to  give  more  than 
a  rough  idea  of  their  proportionate  development. 

The  upper  sands,  which  have  been  entirely  removed  by  denudation 
from  some  of  the  ridges  and  from  all  the  lower  ground,  are  some- 
times clayey  and  stained  red  by  iron  oxides  and  sometimes  fine  and 
white.  In  a  shaft  at  one  spot  on  the  slope  of  a  ridge,  an  actual 
thickness  of  16  feet  was  passed  through  before  reaching  the  under- 
lying gravel.  It  may  be  stated,  however,  that  so  heavy  an  over- 
burden is  met  with  on  few  parts  of  the  diamantiferous  area. 

The  gravel  itself  is  composed  of  beautifully  rounded  pebbles  in 
a  matrix  of  sandy  clay,  sometimes  ferruginous.  There  are  some 
concretionary  masses  of  iron-cemented  sandstone,  and  the  gravel 
is  converted  in  places  into  a  hard  conglomerate  by  infiltrated  iron 
oxides,  or  more  rarely  by  silica.  The  pebbles  are  mostly  of  quarts, 
frequently  rock  crystal,  but  they  also  include  jaspery  banded 
ironstone,  chert,  agate,  hard  sandstone  or  quartzite,  and  occasional 
large  and  small  pieces  of  silicified  wood,  as  well  as  fragments  of 
granite  and  chloritic  schist.  Large  boulders  are  comparatively  rare. 
The  silicified  wood,  though  distributed  about  in  all  sorts  of  positions, 
may  possibly  have  been  tti  sitH;  the  granite  and  schist  last 
mentioned  are  the  only  other  constituents  of  the  deposit  that  are  not 
well  rounded.  The  presence  of  the  agate,  as  already  mentioned, 
shows  the  deposit  to  be  newer  than  the  lavas  of  the  Forest  Sandstone 
series.  In  one  shaft  25  feet  of  gravel  had  been  passed  through  at 
the  time  of  my  visit  without  any  indications  of  approaching  the 
base,  and  more  recent  work  has  shown  that  my  estimate  of  40  feet 
is  probably  a  moderate  one  for  the  maximum  thickness. 
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The  lower  sandy  beds  have  obyiously  derived  most  of  their 
materials  from  the  underlying  granite.  They  are  mioaoeous 
throaghoat,  the  npper  and  lower  parts  south  of  the  railway  being 
olayey  with  a  bed  of  olean  sand  in  between.  The  base  shows 
fragments  of  decomposed  granite,  and  it  is  difficult  to  fix  the  point 
where  the  bed-rock  really  begins. 

It  is  clear  that  in  these  sands  and  gravels  we  are  not  dealing  with 
the  insignificant  accumulations  of  the  present-day  river  system. 
This  is  no  less  evident  from  the  oharaoter  and  distribution  of  tlie 
deposits  than  from  their  position  on  the  crest  of  what  is  now  the 
main  watershed  of  the  country.  Their  extent  is  quite  in  keeping 
with  a  lacustrine  origin  ;  on  the  other  hand,  they  correspond  closely 
with  the  alluvial  deposits  of  rivers  which  have  eroded  their  valleys 
practically  to  the  lowest  possible  level,  and  have  for  long  been 
ohiefiy  occupied  in  widening  them  and  spreading  the  materials 
famished  by  the  process  evenly  over  their  flood  plains.  The 
Somabula  beds  may  therefore  be  set  down  provisionally  as  due  to 
the  action  of  an  important  Tertiary  river  or  river  system,  probably 
m  feeder  of  the  great  lake  which  must  once  have  filled  the  adjacent 
portion  of  the  Zambesi  basin,  and  draining  an  area  chiefly  occupied 
by  granite  and  the  Archsdan  banded  ironstone. 

Tlie  gravels  of  the  Somabula  are  interesting  from  their  unique 
lithological  character  as  far  as  Rhodesia  is  concerned,  but  their 
chief  interest  naturally  arises  from  their  being  the  source  of  various 
gem  stones,  particularly  the  diamond.  The  diamonds  themselves 
are  peculiar  as  almost  invariably  of  a  green  shade  in  the  rough ; 
this  is,  however,  entirely  lost  in  cutting.  They  occur  in  very  good 
crystals,  principally  octahedra,  spinel  twins  of  two  octahedra,. 
twinned  tetrahedra,  twinned  hexutetrahedra,  dodecahedra,  etc. 
Etched  triangles  are  characteristic  of  the  tetrahedral  faces.  Worn 
stones  are  almost  entirely  absent.  The  mineralogical  associates  of 
the  precious  stones  are  not  precisely  similar  to  those  of  the 
Kimberley  diggings  or  of  the  more  recent  Transvaal  discoveries, 
but  they  nevertheless  present  a  general  resemblance  to  those  of  the 
localities  named.  Garnets  are  often  common,  but  are  not  of  the 
blood-red  Kimberley  variety.  Ilmenite  too  is  uncommon.  Both 
magnetite  and  haematite,  of  which  grains  are  numerous,  are  evidently 
derived  from  the  banded  ironstone,  while  the  source  of  the  zircon 
and  of  the  mica  (muscovite)  is  equally  clearly  the  granite ;  these 
minerals  have  no  necessary  connection  with  the  original  matrix  of 
the  diamond.  This  too  is  probably  the  case  with  the  beryls  which 
also  occur.  The  typical  minerals  of  the  deposits  are  (besides  the 
diamond)  enstatite,  chrysoberyl,  kyanite,  and  sapphire.  Enstatite 
is  the  commonest  of  the  minerals  popularly  grouped  together  under 
the  name  of  olivine  at  Kimberley,  but  is  here  a  remarkably  hard 
brownish  variety.  It  is  an  abundant  constituent  of  the  sorted 
material  from  the  puddling  machines.  Some  of  the  grains  are 
fairly  dear,  and  might  almost  be  taken  for  garnets  on  account  of 
their  red-brown  colour.  Chrysoberyl  is  quite  abundant  for  so  rare 
a  stone.     The  prevailing  variety   is  yellow,   but   the  o^ol^^ot^'Ot^ 
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(preoions)  'catfieye'  and  the  form  known  as  'alexandrite,*  whiob  ii 
green  by  day-  and  red  by  candle-light,  also  oooar.  This  niinenl 
■would  seem  to  be  uBoally  a  prodnot  of  contaot-metamorphism ;  lA 
the  eame  time,  althongh  it  is  not  strictly  analogous  in  a  chemiosl 
eense,  its  similarity  of  composition  and  isomorphism  with  oliniM 
are  to  be  noted.  As  a  gem  the  ordinary  variety  is  aotoally  called 
'  chrysolite,'  one  of  the  names  properly  applied  to  oliTine.  Kyanits 
and  sapphire  are  unequiTocal  contact  minerals,  so  are  mtile  and 
tourmaline,  whose  occurrence  may  also  be  noted.  The  presence  of 
the  first-named  is  interesting  owing  to  its  softness,  which  makes  iti 
survival  rather  remarkable.  Of  the  sapphires  both  the  blue  and 
colourless  varieties  occur,  while  true  rubies  and  Oriental  amethysts 
are  also  found,  though  they  are  distinctly  rare  even  for  such  scarce 
stones.  Another  stone  whose  occurrence  may  be  noted  is  the  so- 
called  '  Somabula  blue.'  This  is  harder  and  heavier  than  comrooi 
beryl,  and  is  possibly  a  variety  of  topas  ;  when  cut  it  is  one  of  the 
moAt  beautiful  gems  imaginable. 

With  regard  to  the  origin  of  the  gems,  the  mere  richness  of  the 
deposit  is  sufficient  to  indicate  a  near  source  for  the  diamond, 
although  many  of  the  constituents  of  the  gravel  itself  have 
obviously  travelled  far.  Despite  theories  to  the  contrary,  it  seems 
certain  from  the  evidence  obtained  in  New  South  Wales  as  well  as 
in  this  country  that  what  is  commonly  called  'blue  ground'  is  in 
all  cases  the  original  source  of  the  diamond,  and  the  great 
abundance  of  enstatite,  as  well  as  the  presence  of  garnets,  points 
to  the  same  origin  in  the  case  of  the  Somabula  field.  I  am  aware 
that  Professor  Gregory  after  a  hurried  inspection  of  the  ground  has 
pronounced  the  opinion  that  the  diamond  comes  from  pegmatite 
veins,  but  such  an  idea  is  so  completely  at  variance  with  the  local 
conditions  and  with  all  that  we  know  of  diamond  occurrences  that 
it  scarcely  merits  discussion.  I  have  little  doubt  that  it  will  not  be 
long  before  the  pipe  which  produced  the  diamonds  is  discovered, 
and  that  it  will  present,  apart  from  slight  local  peculiarities,  all  the 
usual  features  of  the  South  African  mines  already  known. 


V. — A  Key  to  the  Published  Figures  of  thb  Crstaceous 
Forms  of  the  Poltzoan  genus  Entalophora, 

By  W.  D.  Lang,  M.A.,  F.Z.S.,  F.G.S.,  of  the  Britiflh  Museum  (Natural  History). 

IN  view  of  the  vigour  with  which  the  investigation  of  the  English 
Chalk  is  at  present  being  carried  out  by  amateurs,  resulting  in 
the  accumulation  of  large  numbers  of  fossil  specimens  which  give 
rise  to  difficulties  of  nomenclature,  the  publication  of  a  key  to  aid 
collectors  in  determining  the  specific  position  of  members  of  one  of 
the  largest  Cretaceous  genera  of  the  phylum  Polyzoa  does  not  seem 
inappropriate. 

The  most  inclusive  work  on  Cretaceous  Polyzoa  is  the  British 
Museum  Catalogue.  While  this  gives  descriptions  of  such  species 
as  the  British  MuHeum  possesses,  with  figures  of  many,  and 
references  to  all  the  literature  on  the  group,  it  does  not  present  any 
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tabular  arrangement  of  forms  nor  easy  means  whereby  the  different 
speoies  of  a  genua  may  be  compared  for  identification  by  a  colleotor. 

Fourteen  speoies  of  Enialophora  are  described  in  the  Catalogue  as 
being  represented  in  the  Museum  collection,  and  references  with 
a  few  words  of  description  are  given  of  thirty-three  more  described 
forms.  Without  access  to  the  works  mentioned  the  task  of 
identification  becomes  impossible,  and  the  collector  can  hardly  be 
blamed  if  he  leaves  alone  the  Cretaceous  forms  of  JEntalopkora. 

It  is  hoped  that,  prefaced  with  a  few  explanatory  remarks,  the  key 
kere  gtven  will  be  found  intelligible. 

First,  all  references  and  descriptions  without  figures  have  been 
ignored,  because  in  the  case  of  such  small  differences  of  detail  as 
occur  between  the  'species'  in  this  genus,  descriptions  unaccom- 
panied by  figures  are  useless  unless  (and  in  no  case  is  this  so)  they 
are  such  as  to  compare  with  the  whole  series  of  described  forms. 

Next,  the  question  of  synonymy  has  been  left  alone.  All  the 
figures  which  can  be  referred  to  this  genus  are  mentioned,  and 
references  given  as  in  the  British  Museum  Catalogue.  In  many 
cases  several  figures  fall  under  one  heading;  and  it  will  be  generally 
found  that  they  are  grouped  as  one  speoies  in  the  British  Museum 
Catalogue.  But  by  no  means  does  it  follow  that  the  converse  is 
true;  for  forms  widely  separated  on  the  table  may  be  different 
topomorphs'  of  one  species.  This  only  demonstrates  the  artificiality 
of  the  grouping  in  the  key.  For  this  artificiality  no  apology  is 
tendered;  for  the  'genus'  itself  is  probably  as  artificial  as  other 
Polyzoan  genera;  and  the  key  is  only  meant  to  help  the  identification 
of  figured  forms,  and  not  to  show  geiietio  relation Hhips.  It  is  to  be 
hoped  that  further  investigation  of  forms,  especially  with  regard  to 
the  horizons  at  which  they  occur,  will  throw  light  on  these.  Mean- 
while the  accurate  recognition  of  described  forms  is  the  first  step 
towards  their  further  elucidation. 

The  terms  used  in  the  key  are  for  the  most  part  self-explanatory. 
The  size  and  arrangement  of  the  apertures  are  the  characters  chiefly 
used.  The  distances  between  tlie  apertures  are  described  in  terms 
of  the  diameter  of  the  aperture — the  vertical  distance  being  that  in 
a  proximal-distal  direction — along  the  branch,  and  the  transverse 
distance  at  right  angles  to  this. 

The  term  emergent  is  us^d  of  zoeecia  whose  upper  surface  is 
arched  well  above  the  general  level  of  the  zoarium,  which  therefore 
has  a  surface  with  a  orenulate  outline.  On  the  other  hand  a  zoarium 
is  composed  of  immersed  zo<9cia  whose  surface  is  flat,  though  the 
outlines  of  the  zooecia  may  be  apparent  thereon.  The  terms  are 
comparative,  that  is,  degrees  of  emergenoe  and  immersion  are 
exhibited. 

Tlie  measurements  and  statements  in  the  table  are  approximate, 
for  allowance  has  to  be  made  for  some  zooeoial  variation  within 
even  small  pieces  of  a  zoarium. 

1  A  topomorph  is  a  term,  applicable  to  Polpoa  and  colonial  Madreporaria,  denoting 
an  indlYidual  or  group  of  individuals  differing  in  form  from  those  surrounding  it. 
See  Gbol.  Mao.,  1906,  pp.  66-68. 
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A.  Branchet  cylindrieaL 

I.  Apertures  distant  (i.e.  vertical  distance  between  the  apertures  more  than  aboiB. 

four  times  the  diameter  of  the  aperture). 
0.  Apertures  very  distant  and  zoaria  thin, 
a.  Apertures  two  or  three  in  the  breadth  of  a  branch. 

1.  ZooDcia  immersed. 
0.  Zoarium  smooth. 

a.  Zoarium  exceedingly  thin  and  delicate 

/3.  Zoarium  not  so  thm  and  delicate  

b.  Zoarium  with  transverse  striae. 

a.  Transverse  stria)  faint  and  close 

/3.  Transverse  strise  coarser  and  farther  apart        

c,  Zoarium  with  outlines  of  zocecia  marked,  though  the  zooecia  are 

not  emergent. 

a.  Apertures  arranged  in  pairs        

3.  Apertures  irregiuarly  arranged. 

1.  Apertures   very   distant    (6-8    diameters),  zoo^  strictly 

cylindrical.'' 

a.  Apertures  1-i'  in  the  breadth  of  a  branch. 

a.  Zoarium  cKceedingly  thin  and  delicate 

/3.  Zoarium  not  so  thin  nor  delicate  

b.  Apertures  2-4  in  breadth  of  a  branch        

2.  Apertures  not  so  distant  (4-6  diameters),  zooocia  fusiform  ... 

2.  Zooccia  emergent. 

a.  Zooccia  only  somewbat  emergent 1 

b.  Zooccia  very  emergent         

/3.  Apertures  four  to  six  in  the  breadth  of  a  branch. 

1.  Apertures  arranged  in  twos  and  threes  (zooccia  are  shorter  than  in 

geminata  and  zooccial  boundaries  less  marked) 

2.  Apertures  irregularly  arranged. 

0.  Zocecia  verj' emergent         

b.  Zooccia  somewhat  emergent,  zooccial  boundaries  very  clearly  marked 
e.  Zoaria  immersed,  though  zooccial  boundaries  are  snown 

b.  Apertures  comparatively  close,  and  zoaria  stout  compared  with  diameter 
of  apertures.    Peristomes  very  high. 

a.  Aperhires  of  smaller  diameter  (•04-'06  mm.) 

/3.  Apertures  of  larger  diameter  ('OS-' 12  mm.)     

II.  Apertures  close  (i.e.  vertical  distance  between  the  apertures  less  than  about 

four  times  the  diameter  of  the  aperture). 

a.  Apertures  two  or  three  in  the  diameter  of  a  branch, 
a.  Zoa?cia  emergent .. .         ...         ... 

/3.  Zooccia  immersed .. .         ...         ...         ... 

b.  Apertures  four  to  eight  or  more  in  the  diameter  of  a  branch, 
a.  Zooccia  emergent. 

1.  Apertures  in  whorls     ... 

2.  Apertures  in  spirals. 

a,  z^ooccia  cybndrical    ... 

b,  Zooccia  fusiform       ...         ...         ...         ...         ...         ••• 

j8.  Zooccia  immersed. 

1.  Apertures  comparatively  distant  (2-4  diameters  apart). 

a.  Apertures  regularly  arranged  in  whorls 23 

b.  Apertures  regularly  arranged  in  spirals. 

a.  Apertures  about  four  or  five  in  the  breadth  of  a  branch  ...    24 

/3.  Apertures  about  ei^ht  in  the  breadth  of  a  branch. 

1.  A  transverse  ridge  across  each  zoariimi  just  beneath  the 

UI/Vl  vUl  U  •••  •«•  ••«  •••  •••  •••  •••  Atr 

2.  No  transverse  ridges  across  the  zocecia         26 

e.  Apertures  irregularly  arranged       27 

2.  Apertures  close  (1-2  mameters  apart  vertically). 
0.  Diameter  of  apertures  '35  to  *4  mm. 

a.  Branches  short  and  stumpy         28^ 

fi,  BiancYiea  uoimai  though,  atout 2^ 
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h.  Diameter  of  apertures  *1  to  '2  mm. 
a.  TransTerse  distance  between  apertures  about  the  diameter  of 

one  aperture  ...        ...        ...        ...        ...        ...        ...    30 

/3.  TransTorse  distance  between  aportures  ^  to  jf  diameters  of 

apeZvUZv  ...  aaa  ..a  .*•  •••  ...  ««•         0» 

e.  Diameter  of  aperture  *04  to  *1  mm. 

a.  Peristomes  moderately  high        32 

/3.  Peristomes  Tery  higb      33 

III.  Apertures  close,  but  bare  patches  on  the  zoarium  34 

^»    Branehtn  eompreited, 

X.  Apertures  transversely  elongate         35 

XI.  Apertures  circular. 

a.  Zooecia  emergent. 

1.  Apertures  Tery  distant  (four  to  six  diameters  apart  Tertically) 40 

2.  Apertures  distant  (three  to  four  diameters  apart  vertically)    36 

3.  Apertures  close  (two  and  a  half  diameters  apart  vertically)     37 

b,  Zooecia  immersed.  ? 

1.  Zoarium  transversely  striate       ...        ,jl        38 

2.  Zoarium  smooth. 

a.  Yertioal  distance  between  apertures  3  to  6  times  their  diameter. 

a.  Boundaries  of  zooDcia  nf)t  apparent 39 

b.  Boundaries  of  zocDcia  clearly  marked         40 

fi.  Vertical  distance  between  apertures  1  i.  3  times  their  diameter. 

«.  Lateral  distance  between  apertures  2  to  3  times  their  diameter  ...    41 
b.  Lateral  distance  between  apertures  i  to  1 J  times  their  diameter. 

1.  Lateral  distance  J  a  diameter.    Diameter  of  aperture  about 

o  mill*         ••«       •••       •••       •••       •••       •••       •••    ^m 

2.  Lateral  distance  1-1^  diameters.    ?  Diameter  of  aperture  about 

X  llUU*        •••      •••      •••      •••      •••      ■*•      •••    sO 

.   Branehet  triangtUar  in  eroit'teetum 44 

L    Zoarium  cylindrieal  with  a  eitp'thaped  tcp     45 

L    Zoarium  clavate. 

I.  Apertures  close  (vertical  distance  between  the  apertures  about  3  diameters 

of  an  aperture  and  lateral  distance  about  1^).    Apertures  tending  to  an 
arrangement  in  whorls     ...        ...        ...        ...        ...        ...        ...    23 

II.  Apertures  distant  (vertical  distance  between  the  apertures  3-5  diameters 

of  an  aperture^.    Apertures  irregularly  arranged. 

a.  ZocBcia  worougnly  emergent         46 

b,  ZocBda  somewhat  emergent 47 

Cm  ^ooBcia  immerseQ     ...        ...        ...        ...        ...        ...        ...        ...  4o 

1.  Bntalophortt  Ferpenti,  Gregory,  1899 :  Brit.  Mus.  Cat.  Cret.  Bry., 

vol.  i,  pi.  z,  figs.  5,  7 E.Fergenn. 

2.  Futtulipcra  virgula,  von  Hagenow,  1851 :  Bry.  Maastr.  kr.,  pi.  i, 

Il&«    O  •••  •••  •••  •••  •••  •••  •«•  •••        ^Mm   WwrOw§w4^9 

Bniolophora  vtrpth,  var.  aUemata^  Gregory :  loc.  cit,  pi.  x,  fig.  3. 

J?,  virgula,  var.  ntbgraeiliM,  Gregory:  loc.  cit.,  pi.  x,  ng.  4. 

J?,  virguhf  var.  raripora,  Gregory :  loc.  dt.,  pi.  xi,  fig.  2. 
f  S.  vtrgula^  Gregory:  loc.  cit.,  pi.  xi,  fig.  16. 

Futtulipcra  ruttieat  von  Hagenow,  1851 :  loc.  cit.,  pi.  i,  fig.  5. 

P.  nana,  von  Hagenow,  1851 :  loc.  cit.,  pi.  i,  fig.  4. 

JBntaloph&ra  raripora,  Beissel,  1865,  Br]r.  Aach.  kr. :  Nat.  Verb, 
hdl.  Maatsch.  Wet.,  ser.  n,  vol.  xxii,  pi.  x,  fig.  123. 

JS.  ieonmtii,  d'Orbigny,  1851 :  Bry.  Cr^t.,  pi.  616,  figs.  12-14. 

JS.  tubgracili*,  d'Orbigny,  1851 :  loc.  dt.,  pi.  621,  figs.  4-6. 

JS.  altemata,  d'Orbifl:ny,  1851 :  loc.  dt.,  pi.  621,  fig.  7. 
P  E.  oantonmtii,  d'Orbigny,  1851 :  loc.  dt.,  pi.  623,  figs.  15-17. 
f  £.  muriegata,  d'Orbigny,  1851 :  loc.  dt.,  pi.  622,  figs.  18-21. 
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3.  JBnialophora  proboteidea,  Pocta,  1892,  Mecli.  Korye.  Hory. :  Ceaikft 

Ak.  Fr.  Joe.  PratEe,  sect,  ii,  pi.  ii,  figs.  23,  24         I 

JB,  virgula,  yar.  raripora,  Gregory,  1899 :  loc.  dt.,  pi.  z,  fig.  1.  „ 

J?,  viryuia,  Gregory,  1899 :  loe.  e^.,  pi.  x,  fig.  2 ;  pi.  s,  i^.  1ft. 

4.  JB,  rariporay  d'Orbigny,  1851 :  loc.  cit.,  pi.  621,  figs.  1-3. 
JB.  rariporay  Novak,  1877,  Bry.  bohm.  kr. :   Beok.  Ak.  Wiai. 

Wien.,  vol.  xxxiii,  pi.  x,  figs.  1,  2. 

5.  Puitulipwra  geminatay  yon  Hagenow,  1851 :  loo.  cit.,  pi.  i,  fig.  11.  l^.yMmMte. 
Entalophwra  geminatay  Gregory,  1899 :  pi.  z,  fig.  8.  „ 

6.  S,  Pergmaiy  Gregory,  1899:  pi.  x,  fig.  6 B,Bn§mL 

?•  E,  ranpora,  Beissel,  1865 :  loc.  cit.,  pi.  x,  fig.  120  S.  virgwk, 

8.  £.  rariporay  Novak,  1877 :  loc.  cit.,  pi.  viii,  figs.  1-5.  „ 

E.  echinatay  Gregory,  1899:  pi.  xi,  fig.  17  17.  icAfMite. 

9.  E.  vattiaeenaUy  d'Orbigny,  1853 :  loc.  cit.,  pi.  753,  figs.  13-15.    E.  WMiaemnt, 

10.  E.  rariporoy  Fric,  1883,  Isercb:  Arch,  naturw.  Landesf.  Bolim, 

vol.  V,  No.  2,  p.  125,  fig.  107 E.  wirgvk, 

11.  E,  virguiay  von  Reuse,  1872,  Bry.  ant.   Qoad. :    FalsBontogr., 

vol.  XX,  pt.  1,  pi.  xxix,  figs.  1,2.  „ 

E,  rariporay  Vine,  1885,  Notes  Cambr.  Gr. :  Proc.  Torks.  GeoL 

Soo.,  new  ser.,  vol.  ix,  pi.  i,  figs.  1,  2.  „ 

E,  proboaeideay  Pergens,  1892,  Nouv.  Cyol.  Cr6t. :  Bull.  Soe.  Beige 

G^oL,  vol.  iv  (1890),  Mem.,  pi.  xi,  fig.  6.  „ 

E,  earantina,  d'Orbigny,  1853 :  loc.  cit.,  pi.  753,  figs.  1&-18   ...  E.  gemimU, 

12.  E.  eo^jugatay  von  Reoss,  1872-3  :  loo.  cit.,  pi.  xxiz,  fig.  8        ...  E,  eot^pigtiU. 

13.  E,  feeundmy  Pocta,  1892:  loc.  dt.,  pi.  ii,  figs.  17,  18;  pi.  iii, 

ngS.  .14,  xO  ...  ...  ...  ...  ...  ...  ...     JS.  jtCMMU^ 

Futtulipora  tubulosaj  von  Hagenow,  1851 :  loc.  dt.,  pi.  i,  fig.  2.     E,  tuMdM. 

14.  Entalcphora  feetmda^  Novak,  1877:  loc.  dt.,  pi.  vi,  figs.  22-27  ...    E.  fimtdt, 
E.  echinatay  Gregory,  1899:  loc.  cit.,  pi.  x,  fig.  13  E.  €ekin§U, 

15.  E.  aorar,  Pocta,  1892  :  loc.  cit.,  pi.  iii,  figs.  9-13  E.  aonr, 

16.  E.  horridoy  d'Orbigny,  1851 :  loc.  cit.,  pi.  621,  figs.  13-15        ...    E.  harrid^i. 

E.  horridUy  Gregory,  1899:  loc.  cit.,  pi.  x,  fig.  9.  „ 

17.  Pmtulopora eehinateiy  Koemer,  1840 :  Verst.  nordd.  kr.,  pi.  v,  fig.  23.  £•  eekmaU. 

F.  echinataj  von  Reuse,  1846 :  Verst.  bohm.  kr.,  pi.  xiv,  fig.  4.  ,, 
Entalophora echinatay  d' Orbigny,  1851 :  loc.  cit.,  pi.  622,  figs.  15-17.  ,, 
E.  gracilis.  d'Orbigny,  1851 :  loc.  cit.,  pi.  617,  figs.  1-4.  „ 
E.  tenu'iBy  d'Orbigny,  1851 :  loc.  cit.,  pi.  619,  figs.  10-12  (peristomes 

worn).  „ 

E.  linearity  d'Orbigny,  1851 :  loc.  cit.,  pi.  622,  figs.  5-7.  „ 
?  E,  pukhellay  von  Keuss,  1872-3,  Bry.  unt.  Quad. :  PalflBontogr., 

vol.  XX,  pt.  I,  pi.  xxix,  fig.  3.  „ 

E.  eehinata^  Gregory,  1899 :  loc.  cit.,  pi.  x,  figs.  10-12 ;  pi.  xi,  fig.  1.  „ 

?  Entalophora  sp.,  Gregory,  1899:  loc.  cit.,  pi.  xi,  fig.  3 E,  ap. 

18.  E.  Conradiy  Gabb  &  Horn,  1862,  Mon.  Poly.  N.  Amer. :  Joorn. 

Acad.  Sci.  Nat.  Phil.,  scr.  ii,  vol.  v,  pi.  xxi,  fig.  59 E.  Cmnti' 

19.  Vincularia  eretaeeay  d'Orbigny,  1851 :  loc.  cit.,  pi.  600,  figs.  17-19.  E.  a-tUm* 
?  Entalophora Jiliformi$y  d'Orbigny,  1851 :  loc.  dt.,  pL  622,  figs.  1-4.  E.  echntMU* 

?  E.  eretaeeay  Gregory,  1899  :  loc.  cit.,  pi.  xi,  fig.  12         E.  crtUett' 

?  E.  mndreporaeea,  var.  inconttam,  Gregory,  1899 :  loc.  dt.,  pi.  xi, 

Tig.  13        ...         ...         ...        ...         ...        ...         ...    £.  ffUMTf/'ordW* 

20.  Laterotubigera  varapenaisy  de  Loriol,  1863 :  Invert.  N^oc  Int. 

Saleve,  pi.  xvi,  fig.  1  E,  v^mpentit. 

21.  Entalophora  sarthaeentiSy  d'Orbigny,  1851 :  loc.  dt.,  pi.  619, 

figs.  6-9      E,  vemdinnetuit' 

Puslulopora  eehifMiOy  Michelin,  1845:  Icon.  Zooph.,  pi.  liii, 

UK  •  V         •••       •••       •••       «••       •••       •••       •••  «A 

22.  Entalophora  neoeomientit,  de  liOriol  &  Gillidron,  1869 :  Ung.  Land. 

Mem.  See.  Helvet.  Sci.  Nat.,  vol.  xxiii,  pi.  ii,  fig.  19.     £.  m^comientit {\h 

23.  S.  heros,  Pocta,  lB9i  *.  loc.  dU,  ^L  ii,  figs.  25-^0 £.  ktm* 
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24.   Cerimrm  madrfporacta,  Goldfofls,  1827 :  Petref.  Qenn.,  pi.  z, 

flgfl.  1241,  b B,madreporaeM, 

Ptutulopora  madreporacM,  Bronn,  1838 :  Leth.  Geog.,  2iid  6d., 

pi.  xxix,  fig.  6.  y, 

T,  madrtporaeea^  Ton  ReuM,  1 846 :  Vent.  bdhm.  kr . ,  pi.  ziv,  fig.  d.  , , 

CmopofYi  madreporaeea^  Yon  Hagenow,  1846 :  in  Qeinits,  Gnind. 

Vent.,  pi.  xxiiid,  fig.  14.  ,^ 

J*kslulopora  I  madreporaeea^  de  Blainville,  1834 :   Man.  Act., 
I*uttHiipora  ]         pi.  Ixx,  fig.  5. 
FuMtulipora  madreporaeea,  yon  Hagenow,  1851 :  Bry.  Maastr. 

kr.,  pi.  i,  fig.  8. 
StUaUyphora   madreporaeea,    d*Orbigny,    1861 :     Bry.    Cr6t., 

pi.  623,  fign.  1-8.  ,, 

JF.  madr^poracM,  Tar.  ineonsUmt,  Gregory,  1809:    loc.  eit., 

pi.  X,  fig.  14.  „ 

J?,  madreporaeea.  Tar.  Benedeni,  Gregory,  1899 :  loc.  dt.,  pi.  z, 

fig.  15.  „ 

B.  aubregularitf  d'Orbigny,  1851 :  loc.  dt.,  pi.  621,  fige.  16-18.  », 

Fiutulipora  Ben^eni,  Ton  Hagenow,  1851 :  Bry.  Maaatr.  kr., 

pi.  i,  fig.  6.  „ 

?  Eaehara  Ehrenbergi^  Ton  Haeenow,  1840,  Mon.  Riig.,  pt.  ii : 

N.  Jakrb.,  1840,  pi.  ix,  fi^.  2.  ,, 

Entalophora  incomtatUf  d'Orbigny,  1858:   loo.  dt.,  pi.  754, 

figs.  15-17.  „ 

S.  koiinentit,  NoTak,  1877 :  loc.  dt.,  pi.  tIi,  figs.  11-13.  „ 

125.   JB.  rugoM^  d'Orbi^ny,  1853:  loc.  dt.,  pi.  754,  fign.  18-20        ...      S,  rugoaa, 

26.  B>pu»tuloMa,  d'OroisiiT,  1853:  loc.  cit.,  pi.  755,  figs.  1-3   ...    B.  tymmetrica. 

27.  E,  neoeomienMis,  d'Orbigny,   1851:    loc.   dt.,   pi.   616, 

figs.  15-18        B,  nsoeomieniit  (l). 

28.  B.  hrerissima,  d'Orbigny,  1851 :  loc.  cit.,  pi.  625,  figs.  5-10  ...  ^.  brevtttima 

29.  B,  falerenHs^  de  Tx)rio],  1863  :  Inyert.  Int.  Sal^ye,  pt.  ii,  pi.  XTi, 

fi)^.  Aa-d,  De  Ijoriol  &  Gilli^on,  1869 :  loo.  cit.,  pi.  ii, fig.  20.  B.  taUventit. 
SO.  E,  9pmmftricay  d*Orbigny,  1853  :  loo.  dt.,  pi.  755,  figs.  4-6.  B,  tymmetriea, 
■31.  E.  ramotitrimay  d'Orbiguy,  1851:  loc.  cit.,  pi.  618,  ngs.  1-5.    B.  ramatiuima, 

32.  E.  vendinnensiHf  d'Orbi^y,  1851 :  loc.  cit.,  pi.  617,  figs.  15-17. 

Von  Reuss,   1872-3,   Bry.   Unt.   Quad. :   PalsBontogr., 

Tol.  XX,  pt.  1,  pi.  xxix,  figs.  4-5 B.  vendinnenfit, 

33.  E,  harrida,  d^Orbigny :  nee  No.  16. 

34.  B.  Gamblei,  Gregory,  1899  :  loc.  cit.,  p.  248,  figs.  26,  27.        ...    E,  OamhM. 

35.  Bidiastopora    regularise    d'Orbigny,    1853 :    loc.   dt.,   pi.   756, 

figr*.  4—6...         ...         ...         ...         ...         ...         ...         ...   B»  Tegularit* 

36.  B.  elegans,  d'Orbigny,  1851 :  loc.  cit.,  pi.  627,  figs.  5-8  ...  B,  elegftm. 
BntalophcracompreMiay  d'Orbigny,  1851 :  loc.  cit.,  pi. 619,  figs.  1-5.  B,  eompreua. 
Bidiantopora  graeilia,  d^Orbigny,  1853 :  loc.  cit.,  pi.  755,  figs.  10-12.  ,, 

B.  Marite^  d*f)rbigny,  1853:  loc.  cit.,  pi.  755,  figs.  13-15.  ,, 

37.  B,  crojfsa,  d'Orbigny,  1851 :  loc.  cit.,  pi.  627,  fies.  13-16         ...       B,  eroMnn. 
^8.   B,  rmtieay  d'Orbi^y,  1851  :  loc.  dt.,  pi.  628,  nsrs.  1-4 B.  virgula, 

39.  B,  etUtrata^  d*Orbigny,  1851 :  loc.  cit.,  pi.  627,  fiffs.  9-12        ...     B,  eultratm. 

40.  B,  inomata^  d'Orbigny,  1863  :  loc.  dt.,  pi.  755,  figs.  7-9        ...   J?,  inomata. 

41.  B.  neoeomietiM,  d'Orbigny,    1853 :    loc.  cit.,   pi.  784, 

figs.  9-11         '        B.  neoetmiensU  (2). 

42.  Entalophora  gigantopora^  Vine,  1885 :  loc.  cit.,  pi.  i,  fig.  3. 

Gregory,  1899:  loc.  cit.,  pi.  xi,  fig.  4     B,  gigantopwra. 

.43.   Bidiastopora  tubaeuta,  Peron,  1888,  Craie  S.E.  Bassin,  Anglo- 
Par.  :  Bull.  Soc.  Sci.  nat.  Yonne,  toI.  xli,  pi.  iii,  figs.  27-29.    B.  tt^acuta. 

44.  B.  trxangularia^  d'Orbigny,  1853 :  loc.  cit.,  pi.  755,  figs.  16-18.    B,  triangularit, 

45.  Entalophora  anomalUMima,  NoTak,  1877:  loc.  cit.,  pi.  Tii, 

figs.  14-16.     Pocta,  1892:  loc.  dt.,  pi.  ii,  figs.  19-22.    E.  anomalitHmti. 

46.  B,  elavatay  d'Orbigny,  1851 :  loc.  cit.,  pi.  621,  figs.  8-12       ...      B,  eehinata. 

47.  B.JuveniSf  Pocta,  1892:  loc.  dt.,  pi.  it,  figs.  19,  20 E.juvenit. 

48.  Clavisparta  turbmatay  Marsson,  1887,  Bry.  Riig. :  Pal.  Abb., 

Tol.  iT,  pi.  i,  fig.  7     £.  (uT^tvatA. 
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British  Association  fob  thb  Adyanoemsnt  ov  Sgibnoe,  Yoik. 
1906.  —  Abstbaots  of  Papebs  bead  bkfobk  Sbotion  G 
(Obolooy). 

I. — The    Glaoial   Deposits    of    the    East    of    Emqlakd.     By 

F.  W.  Habmeb,  F.a.S. 

ri  ^HE  eastern  part  of  Norfolk  forms  a  low-lying  area  which,  could 
JL  the  glacial  heds  be  removed,  would  seldom  rise  above  the 
100  foot  contour.  This  region,  therefore,  with  the  Fenland,  wai 
the  first  part  of  East  Anglia  to  be  overrun  by  the  North  Sea  ioe. 
None  of  the  resulting  moraine  (similar,  for  example,  to  the  Contorted 
Drift  of  Cromer)  is  now  found  in  the  Fenland,  as  it  has  been 
destroyed  by  the  subsequent  advance  of  the  inland  ice-stream  to 
which  the  Chalky  Boulder-day  was  due;  its  former  presence  is 
evidenced  by  the  occasional  occurrence  there  of  igneous  erratics  like 
those  found  on  the  Norfolk  coast. 

At  this  period,  moreover,  the  North  Sea  ice  must  also  have 
advanced  over  Holderness  and  the  ESast  Lincolnshire  plain. 
A  portion  of  the  glacial  deposits  of  those  regions  may  therefore  be 
of  equivalent  age  to  the  Contorted  Drift  of  Cromer.  As,  however, 
the  movement  of  the  Scandinavian  glacier  from  north  to  south  muit 
have  been  gradual,  the  Contorted  Drift  may  be  somewhat  newer  than 
the  earliest  of  the  glaoial  beds  of  North  Britain. 

Before  the  deposition  of  the  Chalky  Boulder-clay  in  East  Anglia, 
the  North  Sea  ice  had  withdrawn  from  a  great  part  of  that  region, 
and  it  did  not  reappear.  During  its  retreat,  however,  it  heaped  up 
a  well-marked  terminal  moraine  in  the  form  of  a  hummocky  ridge  of 
drift,  in  places  reaching  300  feet  above  CD.,  extending  20  miles  in 
a  S.S.W.  direction  from  Mundesley  and  Cromer. 

The  Chalky  Boulder-day  of  Suffolk  is  blue  and  intensely 
Kimeridgian ;  that  of  Norfolk  is  whitish,  with  a  chalky  matrix,  tbe 
boundary  between  the  two  being  clearly  defined.  Jurassic  Boulder- 
clay,  moreover,  may  be  traced  across  the  Fenland  from  Suffolk  into 
the  Lincolnshire  plain,  while  the  chalky  drift  of  Norfolk  is 
represented  by  the  chalky  clay  which  is  piled  against  the  western 
slopes  of  the  southern  part  of  the  Lincolnshire  Wolds  to  a  height  of 
800  and  400  feet.  The  behaviour  of  the  last-named  drift  ii 
instructive.  Due  to  ice  crossing  the  chalk  range  through  a  depression 
running  from  north  to  south  in  the  direction  of  the  present  valley  of 
the  Bain,  it  turns  suddenly  to  the  south-east  as  it  approaches  the 
lower  ground,  instead  of  overflowing  the  latter,  as  it  must  have  done 
had  that  course  been  open  to  it.  The  separation  between  the  Juraseio 
and  the  Chalky  Drift  is  as  clearly  marked  in  Lincolnshire  as  it  is  in 
East  Anglia.  Produced  from  the  former  district  to  the  latter,  the 
line  dividing  them  runa  diagonally  across  (he  monih  of  the  Wask 
The  author  has,  moreover,  traced  a  trail  of  Neocomian  erratics  for 
100  miles  in  the  same  direction  from  the  plain  of  the  Witham  to  the 
neighbourhood  ot  IpawVoAi. 
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llieae  facts  suggest  the  eziatenoe  of  two  oonflaent  but  dlstinot 
iee-Btreams  travelling,  pari  pa§§u,  from  N.W.  to  S.E.,  that  whioh 
occupied  the  Jarassio  plain  being  safficiently  the  stronger  to  thrust 
on  one  side  the  ice  descending  from  the  Wolds,  diverting  it  towards 
Norfolk,  mounds  of  Chalky  Boulder-olay  more  or  less  parallel  with 
the  escarpment  being  accumulated  between  the  two  as  a  medial 
moraine  near  Homcastle.  This  view  explains  why,  at  the  period  in 
question,  the  North  Sea  ioe  was  unable  to  enter  East  Anglia  through 
the  Wash  Gap. 

The  absence  of  the  intensely  Chalky  Boulder-clay  of  South 
Liooolnshire  from  the  Lincolnshire  plain  to  the  west  of  Market 
Itasen,  where  the  escarpment  is  unbroken  and  more  than  500  feet 
high,  indicates  that  no  ioe  overflowed  the  Wolds  near  that  place,  nor 
did  any  cross  from  the  North  Sea  to  the  north  of  the  Humber. 

It  must  therefore  have  been  the  region  south  of  that  nver,  and 
north  of  Caistor,  where  the  Wolds  have  been  broken  up  and  eroded, 
which  supplied  the  grey  flint  and  hard  chalk  (other  than  that  of  the 
Norfolk  Drift),  whioh  is  found  everywhere  in  the  Chalky  Boulder-* 
clay  over  such  an  enormous  area.  So  prodigious  is  the  total  amount 
of  this  d6bris  that,  were  it  brought  together,  it  would  almost  bridge 
over  the  depression  now  dividing  the  Lincolnshire  from  the  Yorkshire 
Wolds. 

From  the  Fenland  the  Great  Eastern  glacier  fanned  out  in  all 
directions:  to  the  east  over  Sufifolk,  overflowing  also  the  chalk 
escarpment  from  Newmarket  to  Hitchin,  from  whioh  it  travelled 
down  the  dip-slope  south-eastward  into  Essex,  and  southward 
towards  ilnohley  and  St.  Albans.  To  the  south-west  it  occupied 
the  basins  of  the  Welland,  the  Nene,  and  the  Ouse  with  a  confluent 
ice-sheet  overspreading  the  higher  ground  which  separates  them. 
Moving  along  the  strike  of  the  Oxford  Clay  up  the  valley  of  the  Ouse, 
it  filled  that  region  with  Boulder-olay  of  whioh  the  matrix  is 
prevalently  Oxfordian;  further  to  the  north-west  the  glacial  drift 
contains  a  larger  proportion  of  Liassic  detritus.  The  Boulder-clay 
which  covers  the  chalk  region  immediately  below  the  crest  of  the 
escarpment  is,  as  a  rule,  very  chalky,  as  is  the  drift  to  the  west  of  the 
Lincolnshire  Wolds,  and  for  the  same  reason,  viz.,  that  it  was 
principally  the  upper  and  cleaner  portion  of  the  ice-sheet  which 
mounted  the  slopes  of  the  chalk  hills.  Some  Jurassic  d6bris  from 
the  Fenland  was,  however,  carried  over  into  Essex,  but  not  enough 
to  give  the  drift  of  that  region  a  typically  Jurassic  character. 

Another  and  an  important  branch  of  the  Great  Eastern  glacier 
passed  up  the  Trent  basin.  One  portion  of  this  climbed  the 
marlstone  escarpment  near  Grantham,  and  spread  Chalky  Boulder- 
clay  over  the  high  land  to  the  south  of  that  place ;  another  part 
followed  the  Trent  valley  towards  the  south-west  until  it  met  the 
iee  streams  of  the  Dove  and  the  Derwent,  the  combined  ice-flow 
being  thence  southwards  up  the  valley  of  the  Soar.  Glacial  drift 
containing,  on  the  one  hand,  Pennine  and  Mount  Sorrel  erratics,  and, 
on  the  other,  Jurassic  and  Cretaceous  d6bris,  may  be  traced  for  many 
miles  to  the  south  and  south-west  of  Leicester  towards  Bi^^^  «sA 
beyond. 
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At  one  time  it  was  belieTed  that  the  crescentio  moraines  of  Toik 
and  Escriok  represented  the  greatest  extension  of  the  Teesdale  ioe* 
Now,  the  driftless  area  to  the  south  of  York  notwithstanding,  it  if 
admitted  that  the  ioe  reached  as  far  as  Bamsley  and  Donoaster ;  the 
comparative  aheenoe  of  drift  immediately  to  the  south  of  those  plsioe» 
oannot,  therefore,  have  any  value  as  eyidenoe,  in  the  hce  of  the  fiut 
that  Chalky  Boulder-olay  sets  in  again  in  great  foroe  still  farther  to 
the  south.  The  enormous  area  covered  by  the  moraine  of  the  Orest 
Eastern  Glaoier,  10,000  square  miles  in  extent,  is  inconsistent  with 
the  view  that  it  can  have  been  wholly  due  to  ice  crossing  the  WoUt 
at  the  two  places  named.  We  seem,  therefore,  driven  to  admit  ths 
existence  of  a  great  ice-stream  continnous  from  the  month  of  the 
Tees  to  the  Fenland,  and  from  the  Pennines  to  the  Yorkshire 
moorlands  and  the  Wolds. 

The  study  of  the  glacial  deposits  of  the  East  of  England  does  not 
appear  to  support  the  view  that  mild  interglscial  conditions  obtained 
at  any  time  in  that  region  between  the  deposition  of  the  Cromer  Till 
and  the '  cannon-shot  *  gravels  which  overlie  the  Chalky  Boulder-daj. 


II.— Lakb  Oxford  and  thk  Oobimg  Gap.    By  F.  W.  Harmsb,  F.0.8. 

DEEP  borings  at  Sandy,  Newport,  and  Hitchin,  and  farther  west 
at  Stony  Stratford,  reveal  the  existence  of  drift-filled  valleys, 
extending  in  one  case  to  a  depth  of  140  feet  below  sea-level,  which 
were  probably  connected  with  that  of  a  pre-glaoial  river  running  in 
a  north-easterly  direction  towards  the  North  Sea.  Similar  deep 
borings  at  Boston,  Fossdyke,  and  Long  Sutton  may  represent  the 
mouth  or  the  seaward  extension  of  such  a  valley. 

As  far  as  the  Midland  Counties  are  concerned,  the  g^orge  at  Goring 
is  unique.  At  no  point  between  Newmarket,  in  Suffolk,  and 
Blandford,  in  Dorset,  in  the  one  case,  or  between  Lincoln  and 
Bradford-on-Avon  on  the  other,  have  the  Cretaceous  or  Oolitic  raugee 
been  out  down  to  the  base-level  of  the  plains,  nor  does  water  run 
through  them  from  one  side  to  the  other.  Gases  similar  to  that  of 
Goring  occur,  however,  at  three  of  the  places  named,  as  well  as  at 
Anoaster,  and  at  Ironbridge,  in  Shropshire.  All  these  are  of 
a  distinct  type  from  the  dip-slope  valleys  of  the  Oolitic  and 
Cretaceous  ridges,  and  they  must  have  originated  in  a  different 
manner.  They  have  certain  striking  features  in  common.  Not  only 
do  they  out  oontinuously  through  the  ridges,  at  right  angles  to  the 
natural  drainsge  of  the  plains,  but  they  form  narrow,  sharply  cut, 
U-shaped  gorges,  having  an  extremely  modern  appearanoe,  as 
distinguished  from  the  older-looking,  wider,  and  more  gradually 
shelving  basins  of  the  dip-slope  rivers.  They  are  invariably 
accompanied  by  lake- 1  ike  depressions,  lower  than  the  general  level 
of  the  plains,  opening  into  trumpet-mouthed  gorges,  through  which 
the  former  are  drained. 

Dealing  first  with  the  gorges  at  Lincoln  and  Anoaster,  the  effect 
of  the  advance  of  the  Vale  of  York  glacier  to  Bamsley  and  Donoaster, 
and  the  obstruction  of  the  ^p  separating  the  Yorkshire  from  the 
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linoolnflhire  Wolds  by  the  North  Sea  ioe,  as  explained  in  a  former 
paper,  most  have  impounded  the  drainage  of  the  Trent  basin  and 
OttDsed  the  formation  of  a  lake,  the  overflow  of  whioh  oould  only  hare 
eaoaped  over  some  part  of  the  Lincoln  ridge.  Unless  the  Lincoln 
and  Ancaster  gaps  were  already  in  existence,  whioh  seems  to  the 
aothor  improbable^  some  such  overflow  must  have  been  initiated  at 
that  time.  The  oontinnous  advance  of  the  Trent  glacier  southwards 
would  eventoally  have  blocked  the  Lincoln  gorge,  probably  with 
drift,  and  the  Ancaster  gap  would  have  been  originated,  being 
afterwards  similarly  blocked,  in  its  turn,  as  the  ice  moved  on. 
Tbeae  ehannels,  however,  would  have  been  reopened  successively, 
and  probably  deepened,  when  the  ice  retreated. 

Beferring  next  to  the  case  at  Goring,  we  find  scattered  over  the 
low  country  round  Oxford  a  number  of  isolated  hills,  generally 
aliped  by  gravel,  the  origin  of  which  it  is  not  easy  to  explain  on  the 
hypotheaia  of  the  fluviatile  erosion  of  the  Oxford  plain ;  they  present 
no  anoh  difficulty,  however,  if  we  regard  the  latter  as  the  site  of  an 
anoieot  lake,  the  bottom  of  which  has  been  gradually  lowered. 

It  has  been  long  known  that  the  gravels  in  question  contain 
Triaaaio  pebbles,  but  it  is  still  more  important  to  notice  tlie  presence 
in  them,  often  in  g^reat  abundance,  especially  as  they  are  traced 
towards  the  gap,  of  grey  Lincolnshire  flint. 

This  flint  drift  connects  itself  with  a  great  trail  of  such  detritus 
extending  continuously  from  Buckinghamshire  to  the  Wolds,  being 
exceedingly  common  both  in  the  Chalky  Boulder-clay  of  the  Ouse 
basin  and  in  the  gravels  into  which  the  latter  passes  towanls  the 
south-west 

The  grey  flints  occur  in  the  highest  part  of  the  Oxford  gravels, 
at  elevations  exceeding  400  feet,  as,  for  example,  on  a  hill  immediately 
(o  the  south-west  of  that  plaoe,  and  at  Basildon,  near  Goring,  above 
the  narrowest  part  of  the  gorge.  The  erosion  of  the  Oxford  plain, 
and  of  its  outlet  below  that  level,  cannot,  therefore,  have  commenced 
until  after  the  arrival  of  the  glacial  drift  in  that  region. 

Other  gravels,  also  containing  Triassio  pebbles  and  Lincolnshire 
flint,  occur  at  a  somewhat  lower  level,  representing  a  later  stage  in 
the  deepening  of  the  bed  of  Lake  Oxford  and  of  the  Gap. 

The  south-westerly  advance  of  the  Chalky  Boulder-clay  glacier  up 
the  Ouse  basin,  preventing  any  possible  drainage  to  the  east  through 
the  Stony  Stratford  Valley,  must  have  caused  the  formation  of  a  lake 
over  the  comparatively  low  ground  which  probably  then  existed 
between  the  Chil terns,  the  White  Horse,  and  the  Ootswold  Hills. 
That  the  drainage  of  this  lake  was  from  the  first  in  the  direction  of 
the  present  g^orge  is  shown  by  the  presence  of  flint  gravel  immediately 
above  it,  near  the  400  foot  contour;  it  occurs  also  within  it  at 
a  lower  level.  Once  started,  the  drainage  has  continued  to  run  in  the 
8Hne  direction  to  the  present  day.  The  swirl  of  the  water,  swollen, 
eapeoially  in  summer,  by  the  melting  of  the  ice-sheet  whioh  lay  dose 
at  hand,  converging  constantly  to  one  point,  eventually  produced  the 
trumpet-shaped  opening  which  formed  such  a  marked  feature  of 
the  6i^. 
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The  bottom  of  the  lake,  composed  of  Boft  JaraBsic  olay,  wai 
gradually  deepened,  paripa»BU  with  the  excavation  of  the  g;orge,  the 
deepest  part  being  always,  as  shown  on  the  contonr  maps,  near  the 
month  of  the  latter,  where  the  erosive  power  of  the  escaping  water 
was  the  greatest 
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I. — Qkolooy  :  Eabth  History.  By  T.  0.  Chabkbeblih  and 
B.  D.  Salisbury.  Vol.  II :  Genesis-Paleozoic  ;  pp.  xxvi,  692, 
with  306  illnstrations.  Vol.  Ill :  Mesozoio-Oenozoic ;  pp.  zi, 
624,  with  576  illnstrations.  (London :  John  Murray,  1906. 
Price  21f.  each  net) 

IN  continuation  of  the  account  of  "  Processes  and  their  Besulta," 
reviewed  in  our  August  number,  we  now  call  attention  to  the 
second  and  third  volumes.  They  complete  this  great  g^Iogical 
work,  and  aim  at  giving  an  interpretation  of  the  record  of  the  rooks, 
based  on  acquired  knowledge.  In  the  second  volume  the  stoiy 
opens  with  matter  that  is  necessarily  more  or  less  imaginative  or 
speculative,  matter  requiring  astronomical,  physical,  and  chemical 
knowledge,  not  of  great  practical  moment  to  the  geologist,  but 
full  of  interest  to  those  who  wish  to  start  "In  the  beg^nning^" 
with  Nebular  and  Meteoritio  hypotheses  of  the  earth's  origin; 
with  Cosmology  in  fact,  about  one-fifth  part  of  the  volume  is 
occupied;  and  many  points  briefly  mentioned  in  the  first  volume 
are  here  amplified. 

The  authors  adopt  a  modified  Nebular,  or  Planetesimal,  hypothesis, 
and  mark  out  the  stages  of  the  earth's  evolution  as  (1)  astral, 
(2)  molten,  and  (3)  lithic  eons,  with  a  practically  solid  globe; 
leading  on  to  (4)  a  primitive  volcanic  eon,  accompanied  at  first  by 
prodigious  volcanic  activity,  and  later  attended  by  sedimentation  and 
the  introduction  of  life.  In  this  last  eon  we  pass  from  the  unknown 
into  the  partially  known;  into  the  oldest  accessible  formations, 
classed  in  the  Archeozoic  era.  This  is  the  era  of  schists  and 
granitoid  rooks,  a  complex  series  including  outflows  of  lava, 
volcanic  tufifs,  igneous  intrusions  of  various  types,  together  with 
sedimentary  rocks ;  all  more  or  less  highly  metamorphosed, 
crumpled,  and  deformed.  The  presence  of  life  is  suggested  by 
carbonaceous  shales,  certain  iron-ores,  limestones  and  cherts,  similar 
to  those  which  owe  their  origin  in  part  to  organic  action.  This 
era,  it  is  thought,  may  have  exceeded  that  of  all  subsequent  time. 

Between  the  Archeozoic  and  the  next  era  represented  in  the 
rocks,  there  is  everywhere  great  unconformity.  This  next  phase 
i8  termed  the  Proterozoic  (a  synonym  for  Algonkian  as  used  by  the> 
U.S.  Geological  Survey).  The  term  is  apt  to  be  confused  with  that 
of  Protozoic  suggested  by  Murchison  in  1839,  and  adopted  by 
Lapworth  for  the  Lower  Palaeozoic  (Cambrian,  Ordovician,  and 
Silurian). 

In  this  Proterozoic  era  it  may  be  said  that  geological  history 
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praottoally  begins,  and  the  authors  deal  with  the  records  especially 
as  tbey  are  exemplified  on  the  North  American  continent  The 
principles  which  they  seek  to  teach  are  those  applicable  to  all 
continents,  one  object  being  '*  to  combine  dynamical  discassion  with 
the  phenomena  which  it  is  to  explain,  as  these  phenomena  unfold 
themselves  stage  by  stage."  Thus  they  deal  not  only  with  the 
local  characters  of  the  strata,  their  subdivisions  and  their  distribution 
in  other  areas,  but  with  their  physiographic  relationships,  the 
fBatnres  of  ancient  lands,  with  sources  of  sediments,  and  their  mode 
of  derivation.  They  treat  also  of  the  permanence  of  oceans  and 
continents,  and  of  periodicity  in  great  de formative  movements. 
Evolution  and  the  distribution  of  faunas  and  floras  are  discussed 
apart  from  the  stratigraphy. 

Many  interesting  comparisons  are  made  and  suggested  in  the 
■course  of  the  work.  No  distinct  physical  or  organic  break  is 
recognised  between  Cambrian  and  Ordovician.  The  Old  Red 
Sandstone  is  regarded  as  a  phase  of  the  Devonian,  some  portions 
of  it  not  improbably  having  been  of  subaerial  rather  than  subaqueous 
origin.    Both  phases  are  represented  in  America. 

It  is  noteworthy,  with  regard  to  the  basal  Devonian,  that  there  is 
a  difference  of  opinion  as  to  whether  the  Helderberg  formation 
should  be  classed  as  Silurian  or  Devonian.  It  has  a  strong  Silurian 
faoies,  but  the  species,  as  now  known,  are  all  new,  except  Lepiana 
'riombaidaliM  and  Atrypa  reticularii — the  "  Methuselahs  of  Paleozoic 
times."  The  authors  remark  that  **  the  Helderberg  formation  is 
largely  limestone,  which  suggests  that  subaerial  erosion  was  not 
taking  place  at  a  rapid  rate,  and  that  the  principal  formation  of  the 
epoch,  as  far  as  our  continental  area  is  concerned,  was  extracted  from 
the  sea-water."  The  question  of  the  mechanical  derivation  of 
calcareous  mud  is  not  apparently  taken  into  consideration. 

It  is  interesting  to  compare  the  latest  stages  of  the  Carboniferous, 

locally    ''Upper     Barren    Coal     Measures,"    with     approximately 

-equivalent  strata  in   England.      Great   movements   were  likewise 

inaugurated   at  about  the  close  of  the  Carboniferous  period    in 

America. 

The  Permian,  "  often  regarded  as  a  part  of  the  Carboniferous," 

was  formed  in  waters  either  in  the  form  of  lakes  and  inland  seas  or 

in   connection   with  the  open   ocean.      The   Permo-Carboniferous 

glaoiation  in  Australia,  India,  and  Africa  is  spoken  of  as  "  the  first 

well  deciphered  glaciation,"  though  mention  is  made  of  that  in  the 

■Cambrian  or  pre-Cambrian  era.     The  prevalent  red  sandstones  in 

the  Newark  Series  show  points  in  common  between  the  Trias  in 

America  and  England.      The  Bhsetic  beds  (grouped  with  the  Trias) 

•liave  not  been  recognized  in   America.     Jurassic  formations  have 

nowhere  been  determined  in  the  eastern  half  of  the  continent,  but  in 

western  America  they  occur  in  nearly  the  same  areas  as  the  Trias. 

The  earliest  Liassic  fauna  is  not  derived  from  the  locally  preceding 

fiirms  of  life,  but  has  the  aspect  of  European  Lias,  and  of  the  Liassic 

(fauna  in  Timor  Island  and  in  Argentina.     In  the  higher  stages 

AmcMa  and  other  forms  connect  with  the  Upper  Jurassic  of  Russia^ 
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The  term  '  Comanohean '  ia  applied  to  the  Lower  Cretaoeootk  U^ 
inolade  eraa  from  tbe  European  Wealden  to  Cenomanian ;  the  Upper 
or  true  Cretaoeoua  being  limited  to  the  European  ToroiiiaD, 
Senonian,  and  Danian.  The  Cretaeeoua  includea  the  Laramitr 
Series,  with  sandatoae,  shale,  and  ooal,  also  other  divisioni  of  daj* 
greensand,  and  chalk.  It  has  yielded  a  remarkable  aaaembliige  of 
vertebrates,  especially  Saurians  (including  sea  serpents),  and  birds. 

Tlie  Cenozoio  era  is  divided  into  Tertiary  (Eocene  to  Pliocene) 
and  Quaternary  (Pleistocene  or  Olaoial,  and  Becent  or  Human). 
Interesting  accounts  are  given  of  the  Eocene  and  Oligooene  fauna* 
and  floras.  Aa  a  rule,  the  Oligooene  has  not  been  diflEbrentiated  from 
Eocene  in  North  America,  but  reasons  are  given  to  render  the 
division  desirable.  It  is  remarked  that  pronounced  provinoialiaia 
was  inaugurated  in  the  Oligooene,  and  continued  throughout  the 
remainder  of  the  Cenozoio  era.  The  oorrespondencea  between  ths 
faunas  of  the  western  and  the  eastern  sides  of  the  Atlantic  daring. 
the  Miocene  period  appear  to  have  been  ''due  partly  to  inter^ 
migration  and  partly  to  parallel  evolution."  As  pointed  out  by  Dall, 
tbe  Miocene  fauna  of  North  Germany  compares  well  with  that  of 
Maryland,  while  the  Mediterranean  Miocene  is  closely  allied  to  the 
more  tropical  fauna  of  the  Duplin  Beds  of  the  (Wolinaa.  The- 
history  of  the  land  animals  in  Tertiary  times  is  full  of  interest. 

The  giants  of  the  Pliocene  period  were  the  Proboeoideans.  ''  The 
mastodons  seem  to  have  occupied  all  the  continents  during  the 
Pliocene,  but  it  is  doubtful  whether  tbe  elephant  reached  the 
American  continent  before  the  Pleistocene."  There  must  have  been 
migratory  routes  between  Eurasia  and  America,  but  there  are  out- 
standing problems  as  to  tbe  extent  and  continuity  of  the  connections 
at  the  north-west  and  north-east. 

The  Pleistocene  is  regarded  as  of  shorter  duration  than  the  average 
geological  penod.  **  Ice-sheets  spread  over  six  or  eight  million 
square  miles  of  the  earth's  surface."  More  than  half  of  this  area 
was  in  North  America,  and  more  than  half  of  the  remainder  lay  in 
Europe.  The  authors  remark  that  '*  it  is  not  strange  that  the  glacial 
theory  was  resisted  for  half  a  century,  though  the  iceberg  and  other 
glacio-natant  hypotheses  urged  in  its  stead  seem  no  more  credible, 
and  far  less  adequate.  But  the  cumulative  force  of  a  vast  mass  of 
evidence,  rigorously  scrutinized  under  the  promptings  of  this  critical 
and  reluctant  attitude,  has  become  overwhelming,  and  the  days  of 
reasonable  doubt  are  passed."  That  there  was  a  succeasion  of  ice- 
invasions  due  to  fluctuation  in  the  actual  limits  of  the  large  masses 
of  land -ice,  the  temporary  retreats  being  accompanied  by  great 
floods  arising  from  tbe  melting  of  the  ice,  is  held  by  the  authors 
to  be  borne  out  by  the  careful  studies  of  later  years ;  but  geologists 
are  not  agreed  on  this  part  of  the  subject.  **  It  is  not  yet  known 
how  far  the  ice  retreated  in  the  intervals  between  the  advances," 
and  consequently  there  are  differences  of  opinion  **  respecting  the 
estimate  to  be  put  upon  the  importance  of  the  interglacial  intervals." 
In  connection  with  this  subject  Mr.  Lamplugh's  recent  address  to 
Section  G  of  the  British  Association  at  York  will  be  read  with 
interest. 
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The  oooiideration  of  the  Plebtooene  leads  ns  to  the  Haman 
epooh*  At  present  no  oTidenoe  has  been  obtained  of  man's 
eodslenoe  during  the  Oboial  period  in  America.  It  is  true  that 
implements  of  '  palasolithio '  type  have  been  found,  but  the  term 
can  only  be  hela  to  indioate  a  stage  of  early  art ;  no  implements- 
have  been  disooTered  in  undisturbed  deposits  of  Qladal  age. 

The  sections,  maps,  the  photographic  and  other  illustrations  of 
fossils,  and  lastly  the  photographio  views  of  scenery  and  of  rock 
foatoresy  aie  excellent  and  most  instructive.  Vol.  ii  is  accompanied 
by  a  small  but  useful  colour-printed  geological  map  of  the  United 
States  and  part  of  Canada. 

Oeologiats  will  be  grateful  for  the  full  and  carefully  prepared 
index  that  accompanies  each  volume ;  these  indexes  will  be  in- 
valuable  aids  for  reflarenoe  to  the  many  new  and  unfiAmiliar  names 
of  local  geological  formations,  rocks,  and  fossils,  as  well  as  to  the 
many  topics  of  interest  so  lucidly  discussed  in  these  volumes. 


n. — CxTLOM  Administration  Bkpobts,  1904 :  Part  IV,  Education, 
Science,  and  Art  Mineralogical  Survey :  Report  of  Mr.  A.  E. 
GooMiBASwXiiT,  B.Sc.,  F.L.S.,  F.O.S.,  Director,  Mineralogical 
Survey* 

SOME  indication  of  the  excellent  work  which  has  been  carried 
out  in  Oeylon  by  the  Director,  Mr.  Coomaraswamy,  and  the 
Assistant  Director,  Mr.  J.  Parsons,  under  the  auspices  of  the 
Imperial  Institute,  is  afforded  by  this  interesting  report.  The  extra- 
ordinary richness  of  the  island  in  interesting  minerals,  including 
most  of  the  gem  varieties,  has  been  long  known,  but  has  hitherto 
not  been  officially  recognised.  We  hope  we  may  see  in  a  few  years 
the  establishment  of  a  permanent  Geological  Survey.  Perhaps  the 
most  generally  interesting  part  of  the  report  is  that  dealing  with 
the  minerals  containing  rare  elements.  The  discovery  of  Thorianite, 
which  is  so  rich  in  thoria,  is  likely  to  be  of  immense  commercial 
importance.  We  must  also  allude  to  the  general  account  of 
gemming.  The  richness  of  the  island  in  gem-stones  is  evidenced 
by  the  fact  that  upwards  of  £300,000  worth  are  exported  annually. 

The  value  of  the  report  is  increased  by  the  admirable  repro- 
ductions of  photographs  with  which  it  is  illustrated. 


in. — GxoLOOiOAL  SuBVKT  OF  Westbbn  AUSTRALIA.  Annual 
Progress  Report  for  the  year  1905.  With  two  figures. 
Polio.  (Perth,  1906.)  Bulletin  No.  21  :  The  Geology  and 
Mineral  Resources  of  the  Norseman  District ;  Dundas  Gold  field. 
By  W.  D.  Campbell,  Assistant  Geologist.  8vo;  pp.  1-140, 
with  a  two-sheet  geological  map,  5  plates,  and  19  figures. 
(Perth,  1906.) 

THE  Report,  for  which    Mr.  A.  Gibb  Maitland  is  responsible, 
begins  with  an  account  of  the  administrative  work  of  the 
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Department,  including  field  and  laboratory  work,  geologioal  and 
mineralogical  oolleotions,  and  pablications.  These  are  followed  bj 
a  detailed  account  of  the  principal  results  of  the  year's  field 
operations  under  the  heading  of  **  Mineral  Besoaroes." 

A  detailed  examination  of  some  of  the  mining  oentres  in  the 
Pilbara  Gbldfields  was  made  by  Mr.  Talbot,  and  Uie  newly-opened 
tin-field  of  Wodgina  (of  which  a  sketch-map  is  gpiTen  in  the  Beport) 
was  also  investigated. 

The  Mount  Margaret  Ooldfield  was  examined  and  reported  upon 
by  Mr.  C.  O.  Gibson,  who  found  that  the  auriferous  reefs  and  lodes 
occur  in  'greenstones/  basic  rocks  which  are  essentially  hom- 
blendic,  and  exist  both  in  the  massive  and  schistose  state;  being 
similar  to  those  usually  forming  the  auriferous  series  of  the  Eastern 
Goldfields.  The  **  New  Find  "  district,  visited  by  Mr.  Gibson,  gave 
very  little  promise  of  successful  results. 

Mr.  H.  P.  Woodward  reported  upon  a  portion  of  the  Broad  Arrow 
Goldfield,  giving  statistics  relating  to  the  shafts  sunk  to  reaoh  the 
reefiB  at  different  levels,  and  particulars  of  the  yield  of  gold  to  the 
ton  of  ore. 

Mr.  Woodward  also  visited  the  Wagin  district  for  the  purpose  of 
reporting  upon  the  possibilities  of  coal  occurring,  and  upon  the 
reputed  phosphatic  deposits.  From  this  report,  which  is  given  ts 
extenso,  it  appears  that  the  occurrence  of  coal  deposits  is  somewhsfc 
problematical,  and  that  the  alleged  phosphatic  deposits  do  not 
contain  sufficient  quantities  to  be  worked  for  fertilising  purposes. 

A  very  favourable  report  is  given  upon  the  '*  Sunbeam  Lease" 
gold-mining  property,  in  which  the  yield  has  been  of  the  most 
encourstging  character. 

The  Northern  district  was  visited  by  Mr.  Woodward  for  the 
purpose  of  examining  and  reporting  upon  certain  gold  discoveries. 
His  work  was  confined  to  the  examination  and  sampling  of  those 
localities  where  gold  was  reported  to  have  been  discovered.  The 
district  as  a  whole,  however,  was  not  found  to  present  any 
promising  signs  of  good  results  being  achieved  by  its  being  worked. 

The  Beport  concludes  with  analyses  of  various  minerals  by 
Mr.  E.  S.  Simpson,  mineralogist  and  assayer  to  the  Survey.  These 
minerals  include  tantalum,  natural  nitrates,  crocidolite,  graphite,  and 
chromiferous  laterite. 

The  work  dealt  with  in  Bulletin  No.  21  oombines  both  the 
geology  and  topography  of  the  district  explored,  which  covers  an 
area  of  about  46  square  miles,  embracing,  as  far  as  it  is  understood, 
the  productive  area  of  Norseman. 

That  portion  of  the  Dundas  Goldfield  embraced  by  Mr.  Campbell's 
work  consists  essentially  of  a  series  of  metamorphic  sedimentary 
rocks,  estimated  to  reach  a  thickness,  making  allowance  for 
repetition  by  folding,  of  not  more  than  800  feet,  which  occupies 
a  strip  of  country  skirting  the  west  side  of  Lake  Dundas.  Some 
of  these  ancient  sediments  appear,  according  to  Mr.  Campbell's 
observations,  to  have  been  ^rmeated  by  secondary  silica  and  oxide 
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of  iron,  and  are  now  in  places  represented  by  the  bands  of  laminated 
goartzite  and  the  very  ferruginoas  jaspers,  which  make  a  pronounced 
natore  in  the  field.  Associated  with  the  metamorphic  sedimentary 
looks  (some  of  which  are  conglomeratic)  is  a  large  area  of 
ampbibolites,  which  appears  to  be  embedded  with  the  former ;  as 
some  of  these  are  distinctly  amygdaloidal,  there  seems  very  good 
feason  for  belicTing  them  to  be  ancient  lava-flows.  In  addition  to 
iha  amphibolites  are  a  series  of  diorites  and  epidiorites,  which>  are 
^[iparently  interbedded  with  the  sedimentary  rocks  and  amphibolites 
in  snob  .a  manner  as  to  suggest  the  possibility  of  their  being 
intrusive  sills  and  dykes.  Another  very  important  feature  is  the 
ooonrrence  of  a  large  number  of  quartz-porphyry  dykes,  which 
traverse  the  whole  of  the  area  mapped  in  a  general  north-east  and 
south-west  direction.  These  porphyry  dykes  in  all  probability  form 
the  apophyses  of  the  large  granite  mass  which  lies  to  the  east  of, 
and  just  outside,  the  limits  of  the  area  mapped. 

Although  the  Norseman  district  afibrds  no  direct  evidence  as  to 
the  geological  age  of  its  older  basic  and  acidic  rocks,  there  is  good 
reason  to  suppose  that  they  all  form  part  of  the  same  series  as  those 
which  are  so  largely  developed  in  other  parts  of  the  Eastern 
Goldfields. 

Norseman  has  proved  a  good  mining  field,  the  auriferous  quartz. 
leefs  being  distributed  over  a  large  extent  of  country.  Many  of 
the  reefs  are  very  rich  in  gold.  Up  to  the  end  of  1904  the  area 
embraced  by  Mr.  Campbell's  labours  has  produced  266,004  oz.  of 
gold,  or  at  the  rate  of  1,019  oz.  for  every  ton  of  ore  crushed.  The 
superficial  deposits  have  yielded  only  a  limited  amount  of  alluvial 
gold,  the  total  reported  from  1899  to  1904  being  1662*37  oz. 

This  report  contains  much  valuable  information  relating  to  the 
history,  topography,  water  supply,  and  other  details  of  the  district 
covered.  There  are  also  tables  of  analyses,  lists  of  mineral  and 
geological  specimens,  and  an  index  to  the  names  of  places,  mines, 
bases,  reefs,  etc.  A.  H.  F. 


lY. — MlMOIBS  OF    THS    NATIONAL    MUSBUM,     MZLBOUBMK.      No.    I  .' 

On  a  Carboniferous  Fish  Fauna  from  the  Mansfield  District, 
Victoria.  By  Abthub  Smith  Woodward,  LL.D.,  F.R.S.  8vo  ; 
pp.  1-82,  11  plates.     (Melbourne,  January,  1906.) 

THIS  interesting  memoir  contains  a  description  of  a  collection 
made  in  1888,  at  the  request  of  the  late  Sir  Frederick  McCoy, 
by  Mr.  Oeorge  Sweet,  F.G.S.  The  specimens,  which  are  in  a  very 
imperfect  state  of  preservation,  were  originally  described  by  McCoy, 
who  selected  with  great  judgment  the  material  for  the  plates  which 
accompany  the  memoir.  His  preliminary  determinations  (Bep.  on 
Palwont  for  1889,  Victoria :  Ann.  Bep.  Sec.  Mines,  1889  (1890), 
pp.  23-24)  and  his  conclusions  as  to  the  affinities  of  the  fish-fauna 

Srove,  however,  to  have  been  almost  entirely  erroneous.     Far  from 
isplaying  a  '^  mixture  of  Lower  Devonian,  and  types  related  to 


478 


Correepandenee'^A,  B.  Hunt 


eome  of  the  Galciferons  Sandstone  Series,**  as  MoCoy  sapposed,  the 
Mansfield  fishes  are  typically  and  essentially  Carboniferous.  ''Of 
the  six  genera  represented  in  the  collection,  one  (Eupleurogmwi) 
is  too  imperfectly  known  for  disonssion ;  four  of  the  othen 
{AeanihodeSf  Ctenodug,  Strep^odut,  and  EloniehthfiB)  ha^e  hitherto 
been  disooTered  only  in  the  Permian  and  Garboniferons  of  Eanips 
and  in  the  Carboniferous  of  North  America;  while  the  aiztt 
(Oyraeanlhides)  is  related  to  an  essentially  Carboniferous  fish  in  thi 
northern  hemisphere,  and  bears  every  mark  of  belon^ng  to  ihs 
same  late  Paladozoic  period."  Qyraeanth%de$,  which  McCoy  wai 
correct  in  recognizing  as  a  dose  ally  of  Q^aeanihu$,  is  regarded 
by  Dr.  Smith  Woodward  as  a  remarkable  discoyery.  The  new 
specimens  prove  Oyracanthide$  to  be  a  typical  Acanthodian  belonging 
either  to  the  Diplacanthidsd  or  to  a  distinct  family  marking  the 
culmination  of  this  series.  The  fins  exhibit  peculiarities  indicating 
a  high  degree  of  specialization,  which  was  analogous  to  that 
observable  in  later  geological  periods  among  Selachians  and 
Teleosteans. 

The  Mansfield  fishes  are  such  as  often  occur  in  estuarine  and 
fresh- water  strata  in  the  northern  hemisphere,  though  all  the  g^nen 
are  occasionally  found  in  sediments  of  marine  origin.  Their 
association  with  the  remains  of  land  plants  suggest  estuarine 
conditions. 

The  systematic  descriptions  are  illustrated  by  11  lithog^phio 
(rock-colour  tinted)  plates,  with  three  figures  in  the  text,  one  of 
which  is  a  restored  drawing  of  the  remarkable  Acanthodias 
'Gyracanthides  Murrayi, 

The  foIIowiDg  are  the  species  described  and  figured : — 


Gyraeanf hides  Murrayi^  sp.  nov. 
Acanthodea  Auatrality  sp.  nov. 
£upUuroytnu9  Cretwelliy  McCoy. 
Ctenodtu  brevieeps,  sp.  nov. 


Strepwdus  dtcipiens,  sp.  nor. 
£lomehthyt  Sweeiif  sp.  nor. 
£,  yibbuSf  sp.  nov. 


A.  H.  F. 


aaiR'JEl-Bl&JPOlSTlD.EllSrCDJBl.. 


THE    MODE    OF   ACCUMULATION    OF    THE    SOUTH    DEVON    BED 

SANDSTONES  AND  CONGLOMERATES. 

Sib, — I  am  glad  to  see  that  Mr.  Hobson^  has  attacked  the 
perplexing  problem  of  the  mode  of  accumulation  of  the  Devonshire 
red  conglomerates.  The  remark  of  mine  which  he  quotes  was  not 
intended  to  throw  any  doubt  on  the  fact  that  water  was  the  agent: 
the  difficulty  is  to  conceive  any  probable  mode  of  action.  The 
Torbay  evidence  is  much  as  follows.  In  the  English  Channel,  a  few 
hundred  yards  south  of  Berry  Head,  is  a  rocky  islet,  and  in  its 
limestone  there  iH  apparently  a  pipe,  or  small  swallow-hole,  filled 
with  red  sandstone.  In  the  eastern  face  of  Berry  Head  there  is* 
if  I  remember  aright,  a  small  fissure  filled  with  sandstone.     In  ths 

»  See  Geol.  14ilq.^1\iV^, \^^^ Yft,  310-820  (PL  XXIa). 
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fierry  Head  qnarries  there  stoocl  for  long  a  large  dyke  of  red  rook 
left  isolated  by  the  qaarrying  of  the  limestone,  TbiR,  I  believe,  was 
•abeequently  carried  off  to  build  a  ohurob  with.  All  these  I  have 
-oaly  obsenred  from  the  water.  On  the  strand  under  the  old  Naval 
Hi^ital  are  the  celebrated  intersecting  Permian  dykes,  and  near  the 
bteakwater  there  is  a  massive  dyke  in  the  low  cliff.  There  appears 
to  be  a  mass  of  sandstone  in  the  quarry  between  Brixham  and 
Fishoombe  Gove ;  and  in  the  northern  boundary  limestone  of  the 
Fiflboombe  Valley  and  Cove  there  is  a  pipe  filled  with  sandstone. 
Small  dykes  occur  in  the  rooks  between  El  bury  and  Broad  sands, 
Mid  north  of  Broadsands  there  is  an  outlier  of  pure  sandstone 
•bottii^  on  the  limestone  under  the  railway.  All  the  foregoing  are 
'fine  sandstones.  But  a  few  hundred  yards  further  north,  in  Saltern 
OoTe,  we  have  the  celebrated  case  of  the  stratified  oonglomerate 
lying  on  the  planed  edges  of  the  Lower  Devonian  thin-bedded  slates 
and  grits. 

Then  on  the  south  face  of  Roundham  Head  we  have  the  section 
fignred  by  Mr.  Hobson,^  but  further  east  on  the  same  face  we  find 
A  much  more  intricate  and  incomprehensible  example  of  the  most 
^xmiplex  false-bedding,  with  contemporaneous  erosion  and  alternate 
beds  of  rough  conglomerate.  Then  oti  the  Paignton  side  of 
Boundham  Head  there  is,  or  was,  a  cliff-face  showing  their  bedding 
witb  one  rippled  surface ;  and  I  once  noticed  a  slab  on  the  beach 
with  what  I  took  for  rain-pittings.  Sun -cracks  are  occasionally 
-disoemible.  Nearer  Torquay,  on  the  coast  south  of  Livermead 
Head,  I  noticed  a  bed  of  fine  sandstone  which  had  been  channelled 
and  covered  with  a  bed  of  conglumerate  filling  the  channel.  At 
Oorbons  Head,  near  the  Torquay  railway  station,  we  have  some 
Poikilitio  sandstone.  Lastly,  at  Labrador,  north  of  Teignmouth,  we 
have  the  volcanic  breccia  overlying  the  ordinary  conglomerate ; 
some  of  this  breccia  being  of  peculiar  altered  rooks  with  blue 
tourmaline,  whose  origin  of  derivation  has  never  been  positively 
located.  Further  on,  beyond  Teignmouth,  we  have  the  often 
desonbed  large  masses  and  blocks,  associated  with  the  con- 
glomerates. Now  between  placid  lake  shores  and  the  most  raging 
torrents  any  one  of  the  above  oases  could  be  tentatively  explained  ; 
but  to  account  for  every  variety  of  water  action,  from  sun-craoks 
And  ripple- marks  to  torrential  action  over  scores  of  miles  in  area,  this 
is  difficult 

Two  or  three  details  clash  with  authority,  and  at  first  sight  with 
the  laws  of  nature,  especially  of  hydrostatics  and  mechanics.  No 
Alternate  currents  in  opposite  directions  could  produce  the  Roundham 
Head  false  bedding,  and  for  a  current  to  cover  and  fill  up  channels 
of  fine  sand  with  stones  is  contrary  to  the  axiom  that  it  takes  a  more 
rapid  current  to  carry  away  stones  than  it  does  to  remove  sand. 

In  a  paper  privately  printed  some  years  ago  I  described  an  hour's 
experiments  with  currents  and  sand,  and  pointed  out  how  there  may 
be  two  and  eren  three  parallel  streams  at  the  same  time  rolling 
sand  both  to  right  and  left  and  producing  intricate  overlapping 

»  See  July  Nranber,  PI.  XXU,  ¥ig.  \. 
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stratala  of  falBe  bedding.  Then,  by  varyiDg  the  depth  of  water  and 
the  rate  of  current,  one  oan  secure  almost  any  deposition,  such  at 
coarse  over  fine,  and  any  oonteraporary  erosion.  Bat  at  Bonndhan 
Head  the  di£Sculty  is  that  the  variations  in  the  conditions  are  so 
namerons  and  so  extreme.  Added  to  this  there  is  the  marvel 
throughout  the  Red  Sandstones  of  an  apparently  inexhaustible 
supply  of  ready-made  material.  Hundreds  of  feet  of  deposition 
follow  each  other  with  apparently  little  denudation  and  erosion 
from  lack  of  material.  The  millstones  are  rarely  left  to  grind  each 
other's  faces  for  lack  of  meal. 

It  is  clear  that  the  fissures  in  the  limestones  were  washed  oot 
clean  before  being  quietly  filled  with  fine  Permian  sand.  Hot, 
per  contra,  the  conglomerates  seem  to  have  planed  at  least  one 
Devonian  surface  smooth,  and  then  to  have  deposited  themselves, 
horizontally  bedded,  upon  it.  That  of  itself  is  not  a  very  intelligible 
operation. 

With  reference  to  the  visit  of  the  Geologists'  Association  to 
Devonshire  in  1900,  I  have  always  felt  that  I  owed  an  apology 
to  the  Asfiooiation  for  accepting  the  o£Sce  of  a  director  both  at 
I'orquay  and  for  the  Dartmoor  walk.  I  had  never  attended 
a  meeting  and  did  not  understand  the  duties  of  the  directors,  and 
regarded  myself  solely  as  a  local  guide.  It  had  never  occurred  to 
me  that  I  should  be  expected  to  say  anything  on  the  geologiosl 
problems  encountered,  but  only  to  show  the  way  on  the  moorland 
walk  by  devious  paths,  and  to  do  the  honours  of  Kent's  Cavern  at 
^J^orquay.  My  remarks  on  the  conglomerates  were  only  an  expression 
of  my  own  ignorance,  and  of  satisfeiction  that  Dr.  Teall  had 
a  torrential  hypothesis  to  suggest,  llie  physics  of  the  Devonshire 
Bed  Sandstones  are  at  present  most  inscrutable. 

A.  B.  Hunt. 


TRIMMINGHAM  CHALK. 

Sib, — The  coming  "Winter  is  possibly  the  last  in  which  the 
'North  Bluff'  will  continue  to  exist,  and  in  view  of  Professor 
Bonney's  rejection  of  my  observations  as  to  the  'g^y  chalk' 
I  hope  that  some  geologist  or  geologists  of  recognised  position  will 
visit  the  locality  this  Autumn  to  test  my  accuracy  as  far  as  it  is  still 
possible.  I  shall  be  only  too  glad  to  meet  anyone  on  the  spot  with 
this  object.  It  is  unfortunately  no  longer  possible,  owing  to  the 
ravages  of  the  sea  during  the  past  year,  to  trace  (as  I  haye  traced 
inch  by  inch  and  over  and  over  again  in  the  70  odd  visits  I  have 
made  in  the  last  six  years)  a  continuous  sheet  of  grey  chalk  from 
the  most  westerly  point  of  Professor  Bonney's  block  E  to  the  most 
easterly  point  of  the  original  bluff,  but  I  think  I  can  still  show  them 
enough  to  make  it  reasonable  to  accept  as  to  such  continuity  the 
statement  of  a  mere  student  of  fossil  polyzoa — if  that  is  a  fair 
description  of  me.  B.  H.  Bbtdonk. 

16,  SOXJTH  AUDLBY   StREBT,   W. 
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I. — On  ths  Stbatioraphioal  Relations  of  the  Duftom  Shales 
ANB  Eeislet  Limestone  of  the  Cross  Fell  Imlieb. 

By  J.  £.  Mabb,  Sc.D.,  F.R.S. 

NOTWITHSTANDING  all  that  has  been  written  concerning  the 
Eeisley  Limestone,  its  exact  relations  with  the  older  Diifton 
Shales  have  never  been  clearly  ascertained.  I  accordingly  devoted 
a  few  days  of  the  Easter  vacation  to  the  study  of  these  relations 
in  company  with  Messrs.  W.  G.  Fearn  sides,  B.  H.  Bastall,  and 
T.  O.  Bosworth,  whose  help  I  gratefully  acknowledge. 

For  many  years  the  Diifton  and  Eeisley  groups  were  referred  to 
the  ^Coniston  Limestone/ and  no  attempt  was  made  to  neparate  them, 
although  it  was  clear  that  the  great  differences  existing  between 
them  required  explanation.  In  a  paper  by  the  late  Professor 
Nicholson  and  myself  •*  On  the  Cross  Fell  Inlier  "  *  we  remarked  of 
the  Eeisley  Limestone,  '*  the  occurrence  of  some  forms  which  have 
not  been  found  nearer  than  the  Chair  of  Eildare  may  indicate  that 
we  have  here  a  fossil  zone  which  is  not  represented  by  fossiliferous 
beds  in  the  central  part  of  the  Lake  District." 

In  a  paper  on  '*  The  Coniston  Limestone  Series '' '  I  divided  this 
series  into  three  groups,  namely,  the  Ashgill  Group  at  the  top,  the 
Sleddale  Group  in  the  centre,  and  the  Koman  Fell  Group  at  the  base, 
placing  the  Eeisley  Limestone  in  the  central  and  the  Staurocephalu» 
Limestone  in  the  upper  group.  Furthermore,  I  stated  (p.  101)  that 
if  the  suggestion  that  the  representative  of  the  Eeisley  Limestone 
occurs  at  the  top  of  the  ordinary  Sleddale  Limestone  in  the  main 
part  of  the  Lake  Dintrict  be  correct,  ''a  further  division  of  the 
Applethwaite  Group  may  be  made  into  a  lower  stage  characterized  by 
the  ordinary  Applethwaite  fauna,  and  an  upper  stage  characterized 
by  the  fauna  of  Eeisley  and  the  Chair  of  Eildare."  This  Applethwaite 
Groap,  it  should  be  stated,  is  the  upper  division  of  the  Sleddale 
Group. 

*  Quart.  Joum.  Geol.  Soc,  toI.  ilvii,  p.  611, 

*  Gbol.  Mao.,  Dec.  Ill,  Vol.  IX,  p.  97. 
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Our  knowledge  of  the  fauna  of  the  Keisley  Limestone  was 
largely  increased  by  the  papers  on  that  limestone  written  bj 
Mr.  F.  B.  Oowper  Beed.^  He  there  maintains  that  this  fanna  shows 
that  the  limestone  must  be  removed  from  the  Middle  Bala  and  plaoed 
among  the  Upper  Bala  Beds — in  other  words,  that  it  belongs  to  the 
Ashgill  Group  and  not  to  the  Sleddale  Group.  There  is  no  doabtsi 
to  the  correctness  of  this  contention.  Our  recent  observations  show 
that  the  beds  from  which  Professor  Nicholson  and  I  obtained  oar 
*  Staurocephalus  Limestone '  fossils  in  the  Cross  Fell  Inlier  are  m 
the  Keisley  Limestone  and  not  above  it.  Mr.  Beed  found  that  ths 
fauna  possessed  a  strong  a£Snity  with  that  of  the  Siaurocephtdwi 
Limestone,  and  we  oannot  now  hesitate  to  refer  the  Keisley  Limestone 
to  the  Siauroeephalua  Limestone. 

The  main  results  of  our  work  at  Easter  were :  (i)  the  discovery 
of  the  Keisley  Limestone  in  Swindale  Beck ;  (ii)  the  discovery  of 
Dufton  Beds  in  the  Keisley  Quarry ;  (iii)  the  detection  of  a  low 
zone  of  Skelgill  Beds  above  the  Keisley  Beds  of  the  quany. 
Attt^ntion  may  first  be  directed  to  our  work  in  Swindale  Beck. 

In  the  section  down  this  beck  given  in  the  plate  appended  to  the 
paper  *'  On  the  Cross  Fell  Inlier/'  the  Dufton  Shales  are  indicated 
as  passing  into  the  Staurocephalus  Limestone  and  the  latter  into  the 
Ashgill  Shales.  This  is  correct,  but  tlie  existence  of  the  Keisl^ 
Limestone  here  was  not  then  suspected  by  us.  Its  non-detectioo  N 
perhaps  pardonable,  for  in  summer  the  stream  at  this  portion  is  se 
well -wooded  that  it  is  di£Soult  to  see  the  character  of  the  beds  in  the 
dim  light.     At  Easter,  however,  there  is  no  such  difficulty. 

We  stated  that  ''at  a  point  where  a  tributary  stream  (Bundale 
Beck)  enters  Swindale  from  the  east  the  Dufton  Shales  are  succeeded 
by  a  very  calcareous  deposit,*'  which  we  refer  to  the  Sianroeephahu 
Limestone.  The  junction  between  the  two  is,  indeed,  close  to  thil 
stream,  but  the  highest  beds  of  the  Dufton  Group  occur  on  the  south- 
west side  of  the  stream  and  of  a  wall  which  bounds  it.  These  bedi 
consist  of  dark,  almost  black,  limestone.  Above  them  we  measored 
approximately  forty  feet  of  grey  compact  limestone,  of  a  uodalar 
character,  the  nodules  being  most  marked  towards  the  base.  This 
limestone  exactly  resembles  that  of  the  Keisley  Quarries,  where  the 
latter  has  not  become  cry  stall  ino.  In  it,  as  stated  above,  are  the  more 
argillaceous  beds,  which  furnished  us  with  the  fossils  which  we 
record  as  belonging  to  the  Staurocephalus  Limestone,  llie  grey 
and  nodular  limestone  is  itself  sparsely  fossiliferous.  We  have 
found  therein  lllanus  and  one  indeterminable  Trinueleu^  The 
occurrence  of  the  latter  is  interesting,  as  it  has  not  been  found  at 
Keisley.  Notwithstanding  its  presence  in  Swindale,  identity  of 
lithological  characters  leaves  no  doubt  that  this  Swindale  Limestone 
is  the  Keisloy  Limestone.  At  the  top  it  seems  to  pass  perfectly 
conformably  into  undoubted  Ashgill  Shales,  in  which  Mr.  Feamiidei 
found  Phacops  mucronatus. 

Professor  Nicholson  and  I  recorded  the  StaurocephaluM  Limestone 
in    Billy's  Beck.      Here  it  is   underlain  by  Dufton   Shales   (with 
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Uaok  limestones),  the  sammit  of  whioh  is  not  shown,  and  above  it 
is  a  grey  nodalar  limestone  of  the  Eeisley  type,  followed  by  a  fault, 
3n  the  other  side  of  whioh  the  Browgill  Shales  ooour.  This  seotion, 
kherefore,  also  proves  that  the  beds  whioh  we  referred  to  the 
8iawroeepkalu$  Limestone  are  not  above  the  Keisley  Limestone. 

We  now  pass  on  to  the  important  seotions  of  the  hill  behind 
Keisley  hamlet  The  aooompanying  plan,  on  the  soale  of  \1\  inohes 
bo  the  mile,  shows  the  distribution  of  the  rooks.  The  two  faults 
lome  together  a  little  to  the  west  of  the  plan,  and  no  rook  is  seen  in 
She  portion  between  them  in  the  triangnlar  wedge  not  inolnded 
in  the  plan. 
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8  =  position  of  fossils  in  Skelgill  Beds. 
CBYST  =  Crystalline  Limestone. 
MOD.  as  Nodular  Limestone. 
£  =  position  of  fossils  in  Dofton  Beds. 


liTOWB  (-^)  represent  the  dips,  and  crosses  (x)  show  where  obserrationB  were  made 

but  no  dips  recorded. 

Fxo.  1. — Plan  of  part  of  the  hill  behind  Keisley.    Scale  17}  inches  to  a  mUe. 

Two  large  quarries  are  now  seen  on  the  hill-side  north  of  the 
lamlet,  of  whioh  the  more  easterly  is  termed  '*  Old  Quarries  "  on 
be  25  inoh  Ordnance  Map,  while  the  westerly  is  simply  marked 
*  Quarry."     I  shall  refer  to  these  as  the  east  and  west  <\uamj^« 
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Beginning  with  tlie  east  quarry,  we  find  an  anticlinal  fold  expoaed 
at  its  northern  faoe,  with  blaok  shales  and  limestones  in  the  oentre. 
At  its  western  end  these  blaok  limestones  and  shales  are  seen  in 
a  series  of  folds,  as  exhibited  in  the  accompanying  section,  and  their 
relationship  to  the  Eeisley  Limestone  clearly  shown.  It  will  be 
seen  that,  save  for  a  wisp  of  shale,  the  highest  bed  of  the  dark  series 
is  a  limestone.  I  have  long  known  these  beds,  and  believed  them  to 
belong  to  the  Dufton  Shales,  and  it  is  noteworthy  that  a  oaloareoot 
band  forms  the  summit  here  as  in  Swindale.  All  doubt  as  to  the 
Dufton  age  of  the  beds  has  been  set  at  rest  by  Mr.  Feamsides' 
discovery  of  fossils  in  some  calcareous  shales  belonging  to  the  group, 
in  some  excavations  which  he  made  on  the  hill-side  about  20  yards 
west  of  the  quarry  at  the  point  marked  5  on  the  plan.  The  following 
is  a  list  of  fossils  obtained  from  these  excavations : — 


FUctambonitM  terieea,  Sow. 
Trinuehut  tetieomis^  His.     CommoiL 
Cy^ie  verrucosa,  Dalm.     Common. 
Calymene  9enar%a,  Conrad.     Common. 
Froetu9  of.   ramitulcatut^   Nieek.     One 
specimen. 


Stromatoporoid  ? 

Streptelaima  ?    Common. 

Heliolitet  tuhulata,  Lonsd.     Common. 

Beliolitet  sp.     One  specimen. 

Dalfnanella  sp.     Rare. 

Orthis  Aotonudy  Sow.     Common. 

Flatyttrophia  biforata,  Schloth.  Common.  DaJmaniiet  sp.    One  specimen. 

TripUiia  tpiriferotdety  M*Coy. 

The  fauna  is  clearly  that  of  the  Dufton  Shales.  The  three 
common  trilobites  are  those  which  are  found  in  great  abundance  in 
the  Dufton  Shales  of  other  exposures.  Most  of  the  other  fossils 
have  also  been  recorded  from  those  shales,  and  those  which  have  not 
are  (with  the  exception  of  the  DalmaniteB,  which  is  possibly  new) 
found  in  the  corresponding  Sleddale  Group  of  the  Lake  District 
The  supposed  Stromatoporoid  is  clearly  identical  with  a  form 
recorded  by  Salter  ^  from  Coniston  under  the  name  of  Stromatopora 
striaiella,  D'Orb. 


Ksd 


Fio.  2. — Section  across  west  end  of  Dufton  Inlier,  showing  folds. 

Scale  1  inch  =  about  12  feet. 

k.  Nodular  Eeisley  Limestone. 
d.  Limestones  of  Dufton  Beds. 
«.  Shales  of  Dufton  Beds. 

We  may  now  pass  on  to  the  consideration  of  the  west  quarry. 
A  crush  belt  with  broken  and  silicified  limestone  crosses  the  floor 
of  this  quarry  in  a  general  W.N.W.-E.S.E.  direction,  with  highly 


^  Cut,  CtinXi.  «xA%V!L.  ¥<ma.,  \i.  40. 
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oryiUHine  limestone  to  the  south  of  it  at  the  west  end  of  the  quafry. 
To  the  north  of  this  belt  is  the  fine  exposure  of  the  northern  face. 
The  beds  are  dipping  almost  due  south  at  an  angle  of  45°.  They  consist 
essentially  of  nodular  grey  limestone,  whioh,  however,  is  in  places 
stained  pink  with  hsdmatite.  Similar  staining  ooours  in  the  limestone 
of  many  other  parts  of  the  hill.  Where  unstained,  the  limestone,  as 
before  stated,  closely  resembles  the  nodular  limestone  of  Swindale 
Beok  and  Billy's  Beck.  Dipping  with  the  limestone  is  an  olive- 
green  shale,  which,  however,  is  affected  by  many  contortions,  which 
oanse  it  to  undulate  on  the  face  of  the  quarry.  It  contains  a  number 
of  nodes  of  limestone  which  will  be  further  considered  at  a  later 
stage,  and  is  crushed  to  so  great  an  extent  as  to  break  into  papery 
sheets  with  very  glossy  surfaces.  No  foAsils  were  seen  in  this,  but 
a  similar  rock  in  a  less  crushed  condition,  occurring  west  of  the  wall 
whioh  bounds  the  west  end  of  the  quarry,  yielded  some  indeterminable 
fossils  to  Mr.  Fearnsides'  hammer.  Tlie  rock  tliere  closely  resembles 
the  Swindale  Beck  rock  to  wliich  Professor  Nicholson  and  I  originally 
restricted  the  term  "  Siauroeephalus  Limestone,*' and  as  the  two  occur 
in  the  Eeisley  Limestone  they  further  increase  the  resemblance  of 
the  Swindale  section  to  those  of  the  Keisley  Quarries. 

Two  or  three  years  have  elapsed  since  I  detected  graptolites  of 
Skelgill  Shale  age  in  the  road  cutting  east  of  the  Old  Limekiln  and 
soath-east  of  the  west  quarry  (at  S.).  At  Easter  Mr.  FearuMides 
obtained  a  number  of  graptolites  from  this  locality,  and  was  able  to 
prove  that  the  zone  was  that  of  DimorphograptoB  eon/ertuB,  The  beds 
are  dipping  a  little  west  of  south.  As  there  is  not  enough  room  for 
the  Ashgili  Shales  between  this  exposure  and  the  nearest  outcrop  of 
Keisley  Limestone,  there  is  uniloubtedly  a  fault  separating  the 
Skelgill  Beds  and  the  Eeisley  Limestone. 

So  far  as  the  relations  of  the  Keisley  Limestone  to  other  strata  are 
concerned,  our  observations  show :  (i)  that  the  highest  beds  of  the 
Dufton  Series  are  marked  by  calcareous  black  limestone  with 
subordinate  shales,  the  limestones  containing  few  fossils  save  crinoids  ; 
further,  that  these  calcareous  beds  occur  in  the  Keisley  section  and 
in  that  of  Swindale;  (ii)  that  the  change  from  the  dark  Duft4)n  Beds 
to  the  lighter-coloured  Keisley  strata  is  abrupt,  but  there  does  not 
appear  to  be  any  unconformity ;  (iii)  that  the  Keisley  Beds  consist 
mainly  of  fairly  pure  limestone,  hut  that  more  argillaceous  beds  are 
interstratified  with  the  purer  limestone  ;  from  these  more  argillaceous 
beds  Professor  Nicholson  and  I  extracted  the  fauna  of  our 
Siauroeephalus  Limestone  ;  (iv)  that  the  Keisley  Beds  of  Swindale 
appear  to  be  succeeded  conformably  by  the  Ashgili  Shales. 

I  now  turn  to  a  consideration  of  the  peculiar  development  of  the 
Keisley  Limestone  in  the  Keisley  exposures.  I  have  elsewhere 
argued  that  it  is  a  '  knoll '  of  limestone  which  has  been  thickened  by 
folding  and  taken  on  peculiar  structure  during  that  folding,  and 
reoent  examination  tends  to  confirm  this  view. 

The  section  figured  shows  that  folding  on  a  considerable  scale  has 
afl^ted  the  rocks  of  the  east  quarry,  and  abundant  minor  folds  are 
proved  to  exist  in  the  west  quarry  by  the  puckering  of  the  shales^ 
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In  the  east  qnany  the  Eeisley  Beds  of  nodular  type  are  dipping 
Bonthward  from  the  Dufton  Beds,  to  pass  below  the  Skelgill  Beds. 
Some  of  the  apper  beds  of  the  Eeisley  Limestone  may  be  fanltsd 
out  here,  but  the  beds  whioh  aotnally  exist  are  not  more  than  foity 
feet  tbioky  and  therefore  no  thicker  than  the  beds  of  this  age  in 
Swindale,  where  they  appear  to  present  a  normal  seqnenoe.  To  the 
north  of  the  anticline  whioh  brings  up  the  Dufton  Beds,  the  Keislsjr 
Beds  dip  nearly  due  north  for  a  very  little  way,  and  still  farther  north 
there  is  a  oontinnous  southerly  dip  at  angles  varying  from  60°  to  75*^ 
for  a  distance  of  about  200  yards.  Unless  a  fault  exists  along  the 
line  where  the  dip  in  the  Eeisley  Beds  changes  from  north  to  south, 
the  Dufton  Beds  should  come  to  the  surface  at  no  great  distanoe  to 
the  north  of  the  change  of  dip.  There  is  no  sign  of  any  snoh  fiuilt, 
and  the  alternative  explanation  is  that  the  Eeisley  Limestone  is  here 
folded  into  a  series  of  isoclines,  with  the  Dufton  Beds  oonoealed 
beneath  at  no  great  distance  below  the  surface. 

It  is  well  known  that  the  bulk  of  the  Eeisley  fossils  ha^e  been 
obtained  from  a  highly  crystalline  whitish  limestone,  though  here  and 
there  they  occur  in  compact  limestone,  as  in  the  case  of  the  abundant 
llUeni  in  a  horny  limestone  whose  position  is  marked  on  the  plan. 
One  would  naturally  expect  that  the  crystalline  and  oompaot 
limestone  belonged  to  different  beds,  and  at  the  outset  we  attempted 
to  prove  that  the  crystalline  limestones  were  above  the  nodular  and 
compact  limestones.  A  further  examination  proved  that  they  w^e 
quite  irregularly  distributed,  as  shown  on  the  plan,  where  the 
principal  exposures  are  indicated,  the  crystalline  limestones  being 
marked  'cryst.'  and  the  compact  nodular  limestones '  nod.'  Further 
search  proved  that  this  irregular  distribution  was  traceable  on  a  very 
small  scale,  so  that  at  times  a  hand-specimen  could  be  obtained  with 
one  portion  compact  and  the  other  crystalline,  the  two  being 
separated  by  very  irregular  junctions,  with  no  traces  of  bedding- 
planes.  It  seems  impossible  to  escape  the  conclusion  that  the 
compact  limestone  was  the  original  rock,  and  that  crystallisation,  ss 
the  result  of  subsequent  change,  has  affected  it  sporadically  in  this 
Eeisley  tract,  where  there  is  clear  proof  of  much  thickening  by 
folding,  whereas  in  the  Swindale  section,  where  there  is  no  evidence 
of  thickening,  the  crystalline  variety  is  absent. 

It  is  interesting  to  note  that  little  knolls  of  crystalline  limestone 
occur  in  profusion  in  the  shale-band  of  the  lower  part  of  the  northern 
face  of  the  west  quarry,  in  a  way  which  recalls  similar  little  knolls 
which  I  elsewhere  described  in  the  shales  associated  ¥rith  the 
limestone  of  the  Draughton  Quarry  of  the  West  Biding  of  Yorkshire.' 

The  question  arises,  why  should  the  limestone  be  thickened  and 
crystallised  at  this  point  and  not  in  Swindale  ?  In  connection  with 
this  I  would  point  out  that  elsewhere  the  Dufton  Shales  show 
evidence  of  much  repetition,  and  the  limestone  may  have  resisted 
folding  when  sandwiched  between  the  soft  Dufton  Shales  below  and 
the  Ashgill  and  Skelgill  Shales  above.     Here  the  Dufton  Shales  are 

'  ''On  Limestone  KnolU  in  the  Crayen  District  of  Yorkshire  and  ebewbsif": 
Quart.  Jonrn.  Qeol.  Boc.,  \%%d,  foVVf,  ^^.%^V%%%« 
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fimlted  oot  to  the  north  of  the  mass,  so  that  the  Eeisley  Beds  oome 
into  oontaot  with  the  rhyolite  of  Keisley  Bank.  There  is  little  shale 
above,  and  the  massive  Browgill  Shales  soon  suooeed  the  thin 
Skelgill  Beds.  During  the  movements,  owing  to  the  absence  of  the 
Dafton  Shales  by  faulting  on  the  north,  the  Eeisley  Beds  and  the 
oaloareous  top  of  the  Dufton  Shales  would  be  pressed  against 
the  hard  rhyolite,  and  would  in  all  probability  tend  to  fold  against  it 
Whatever  be  the  origin  of  the  structure  of  parts  of  the  Eeisley 
Limestone,  the  exaot  poiiiti<m  of  that  limestone  in  the  stratigraphioal 
snooession  must  be  regarded  as  definitely  established.  The  limestone 
and  the  mure  argil laoeous  beds  intercalated  with  it  belong  to  the 
Siaurocepkalm  Limestone  group,  and  occur  between  the  Dufton  Shales 
and  the  Ashgill  Shales. 


IL — Nonoi  OF  soHB  Fossils  from  Sinoapobs  disoovbbbd  bt 
John  B.  Sorivbnob,  F.G.S.,  Obolooist  to  thb  Fbdbratbd 
Malay  Statbs. 

By  R.  BuLLBN  Newton,  F.6.S., 
of  the  Department  of  Geology,  Britiflh  Museum  (Nat.  Hist.},  Cromwell  Road,  S.W. 

(PLATE  XXV.) 
Introduction. 

AS  representing  the  first  fossils  yet  recorded  from  Singapore, 
these  speoiinens  are  of  considerable  interest.  They  principally 
ooosist  of  marine  Lamellihranch  remains  accompanied  hy  an  obscure 
indeterminable  Gasteropod,  and  a  few  fragmentary  terrestrial  plants* 
Their  condition,  liowever,  as  oaHts  and  impressions  renders  them 
most  difficult  to  work  out  satisfactorily,  more  especially  the  shells 
where  only  external  features  of  the  valves  are  available  for  study. 
Some  of  the  specimens,  however,  retain  certain  points  of  structure 
or  contour  which  appear  to  have  an  important  bearing  on  their 
probable  geological  age.  The  association  of  land  and  marine 
organisms  would  at  once  suggest  an  estuarine  or  lagoon  origin  for 
the  beds  containing  them,  more  especially  as  the  moUusca  belong  to 
genera  or  families  which  may  be  regarded  as  of  shallow-water  habit, 
whilst  the  plant- remains  might  be  accounted  for  by  the  close 
proximity  of  land  or  the  transporting  agency  of  river  action. 
Among  the  shells,  that  referred  to  Goniomya  is  of  chief  interest, 
sinoe  it  belongs  almost  exclusively  to  the  Mesozoic  period,  being 
particularly  characteristic  of  Jurassic  rocks  and  of  much  rarer 
occurrenoe  in  deposits  of  Cretaceous  age. 

Although  exceedingly  rare,  Goniomya  has  also  been  found  in 
Palasozoio  rocks,  Erotow  having  figured  and  described  6f.  ArtienaiB 
from  the  Russian  Permian  (Soa  of  Naturalists  Imp.  University  of 
Kasan,  1885,  vol.  ziii,  p.  225,  pi.  iii,  fig.  20),  and  an  unnamed 
form  from  rocks  of  similar  age  in  the  Central  Himalayas  has  been 
more  recently  recorded  by  Dr.  Carl  Diener  (Palsdontologia  Indica, 
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1903,  ser.  XV,  vol.  i,  pt.  6,  p.  126,  pi.  v,  fig.  19,  and  p.  176,  pi.  viii, 

fig.  11). 

The  plant  Btruotures,  although  obsoure,  are  also  important.  A  leaf- 
like body  has  been  referred  to  PodozamiUs  of.  laneeolatus  (Lindley  & 
Button),  a  genus  and  species  which  enjoyed  an  extensive  geo- 
graphical  distribution  during  the  Bajooian  stage  of  Jurassic  times, 
having  been  recorded  from  Yorkshire  (Haibum  Wyke) ;  Spits- 
bergen ;  Orenburg ;  East  Siberia ;  Astrabad,  Persia ;  India  (Upper 
Gondwana  Beds) ;  China ;  Japan  ;  and  Korea. 

Podozamites  is  but  one  member  of  a  large  group  of  similar  plants, 
generally  included  under  the  Gycadacesd,  which  were  of  abundant 
occurrence  in  the  Mesozoic  period^  and  of  which  WilliamBonia  may 
be  regarded  as  the  type.  Such  a  flora  has  been  described  by 
Feistmantel  as  typical  of  the  Upper  Gondwana  deposits  of  India, 
and  it  is  of  further  interest  to  note  that  marine  mollnscan  remains 
have  been  also  found  in  some  of  those  beds  associated  with  the 
planto  (E.  D.  Oldham's  edition  of  Medlioott  &  Blanford's  **  A  Manual 
of  the  Geology  of  India,"  1893,  p.  180). 

The  Singapore  Clays,  therefore,  with  their  estuarine  oontenta,  may 
be  of  Middle  Jurassic  age,  and  about  the  horizon  of  the  Inferior 
Oolite  of  England  or  the  so-called  Bajooian  of  Continental  geologists. 
They  possibly  represent  an  extension  or  outlier  of  the  Upper 
Gondwana  rooks  of  India,  as  well  as  forming  part  of  the  other 
fossiliferous  areas  of  Eastern  Asia,  including  Korea,  Japan,  and 
Siberia,  which  have  yielded  a  similar  vegetation. 

Mr.  John  B.  Sorivenor,  the  discoverer  of  these  fossils,  has 
furnished  the  following  account  of  the  beds  and  locality,  stating 
that  the  specimens  were  obtained  "  from  a  2  ft.  (drcd)  bed  of  silty 
clay  with  obscure  plant-remains,  forming  a  part  of  the  series  of 
shnle  and  sandstone  beds  which  embraces  all  the  known  sedimentary 
rocks  of  Singapore  Island  apart  from  surface  deposits,  and  exposed 
in  a  big  quarry  on  the  north  flank  of  Mount  Guthrie,  Tanjong 
Pagar,  Singapore  Town. 

*'  What  remains  of  Mount  Guthrie  is  likely  to  disappear  before 
long ;  in  fact,  the  original  hill  extended  over  the  spot  where  I  found 
the  fossils.  The  specimens  take  some  time  to  collect,  as  they  are 
sparsely  distributed.  I  send  the  best  fossil  leaf  I  could  find  and 
also  an  object  which  may  be  a  fruit  I  also  saw  obscure  vegetable 
remains  in  shale  at  Tanjong  Malang,  close  by;  and  at  Mount 
Wallich,  also  close  by,  I  saw  one  piece  of  badly -preserved  fossil 
wood.  In  the  Mount  Guthrie  quarry,  about  50  yards  from  the 
fossiliferous  horizon,  I  found  a  6  inch  seam  of  very  poor  brown  coal. 

**  The  shale  and  sandstone  series  is  very  highly  inclined  in  this 
part  of  Singapore ;  in  one  section  I  saw  the  beds  are  vertical.  At 
Mount  Guthrie  the  strike  is  N.N.W.-S.S.E.,  the  dip  about  76^  W.S.W. 

**  The  strike  and  petrological  characteristics  of  the  series  wherever 
seen  suggest  a  connection  with  the  shale  and  sandstone  of  the 
Federated  Malay  States ;  but,  again,  were  these  rooks  situated  in 
Sarawak  [Borneo]  the  petrological  evidence  and  the  presence  of  tbs 
obsoure  vegetable  remama  vrowVd  not  be  anffioient  alone  to  separata 
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them  from  the  shale  and  aandstone  of  Upper  Sarawak  and  Santuhong  " 
[Borneo].^ 

De»eription  of  the  Fossils. 

The  matrix  containing  the  foBsils  is  a  light  drah-coloured  compaot 
olay,  varying  slightly  in  tint  and  particularly  soft  to  the  touch, 
marking  everything  as  if  it  were  chalk,  although  according  to  the 
acid  test  no  calcareous  constituents  are  present.  Dr.  G.  T.  Prior, 
of  the  British  Museum,  who  has  examined  the  material,  has  detected 
some  minute  particles  of  silica  entering  into  its  structure. 

The  specimens  herewith  described  and  figured  have  been  mainly 
collected  by  Mr.  John  B.  Scrivenor,  although  a  second  series  from 
the  same  locality  and  beds  was  subsequently  furnished  to  the 
writer  by  Dr.  R.  Hanitsoh,  of  the  Raffles  MuHeum,  Singapore,  three 
of  which  are  represented  on  the  Plate  by  Figs.  3,  4,  and  17. 
Through  the  good  services  of  both  Mr.  Sorivenor  and  Dr.  Hanitsoh 
the  specimens  selected  for  illustration  have  been  presented  to  the 
British  Museum.  A  word  of  praise  should  be  extended  to  the 
artist,  Mr.  A.  H.  Searle,  for  the  excellent  drawings  he  has  constructed 
from  obscure  and  difficult  material,  and  which,  thanks  to  the 
collotype  process,  have  been  satisfactorily  reproduced  on  the  Plate. 

LAMELLIBRANCHIA. 
OuouLLJEA  SoBiVBNOBi,  sp.  nov.     (PI.  XXV,  Fig.  13.) 

Shell  small,  compressed,  inasquilateral,  subquadrate,  oblique; 
umbo  very  anterior ;  dorsal  margin  horizontal,  short ;  anterior 
area  short,  deep,  obliquely  and  roundly  truncated  ;  posterior  region 
wide,  produced,  rounded,  and  bearing  an  elongate  oblique  depression, 
with  an  angulation  at  the  posterior  end  of  the  hinge-line ;  ventral 
margin  nearly  parallel  with  dorsal  line ;  ornamentation  consisting 
of  extremely  fine  concentric  growth-lines  crossed  by  a  series  of 
delicate  radial  striations. 

Dimensions. — Length  13,  height  7  mm. 

The  specimen  referred  to  this  form  is  a  small,  rather  compressed 
right  valve,  embedded  in  the  rook,  and,  like  the  other  specimens  from 
this  locality,  only  showing  external  characters.  It  appears  to  dififer 
from  previously  described  forms  of  this  genus  by  its  very  insequi- 
lateral  character,  the  umbo  being  within  a  small  distance  of  the 
anterior  margin,  and  the  relatively  long  and  narrow  posterior 
depression.  The  sculpture  markings  are  obscure,  but  when  properly 
shaded  the  valve  shows  decussating  striations. 

Collector, — Mr.  J.  B.  Scrivener. 

^  These  Borneo  Beds  hare  been  examined  and  reported  upon  by  Mr.  John  B. 
ScriTenor,  and  the  results  issued  in  a  Government  paper  (No.  8)  published  at  Kuala 
Lampur  by  the  Geological  Department  of  the  federated  Malay  States  on  the 
19th  January,  1905,  entitled  **  A  Keport  on  the  Geology  of  the  Eesidency  of 
Sarawak,  ana  of  the  Sadong  Dirtriet,  Borneo,  with  special  reference  to  the  occurrence' 
of  Gold  and  Coal.^' 
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Aboa  sp.     (PL  XXY,  Fig.  14) 

Shell  narrow,  elongate;  liinge-line  horizontal  and  parallel  with 
ventral  border ;  umbo  depressed,  anterior,  obliqne ;  oarinated 
obliquely  and  obtusely  from  nmbonal  region  to  poatero  -  ventral 
margin  ;  anterior  end  rounded,  posterior  truncated,  and  area 
depressed ;  sculpture  consisting  of  very  obsoore  ooncentrio  liD6ati<»is 
without  evidence  of  radial  stritt. 

Dimen$i(m$. — Length  20,  height  8  mm. 

This  description  applies  to  a  natural  cast  of  a  right  valve 
embedded  in  the  rock  showing  the  external  sarfaoe.  Narrow 
forms  of  Area  are  fairly  common  in  Jurassio  deposits,  bat  they  are 
invariably  ornamented  with  radial  striation ;  as  no  such  soalptore 
exists  in  the  Singapore  fossil  it  may  be  inferred  that  none  was  ever 
present,  although  it  is  possible  that  the  counterpart,  which  does 
not  appear  to  have  been  preserved,  might  have  yielded  a  better 
interpretation  of  the  original  surface  structure. 

CoUeelor, — Mr.  J.  B.  Scrivener. 

Obbvillia  Hanitsohi,  sp.  nov.     (PI.  XXV,  Pig.  4.) 

Shell  lanceolate,  suboylindrical,  curved  at  ventral  margin, 
moderately  convex  at  carina;  anterior  area,  shortest,  with  an 
acute  cuneiform  termination,  narrow  and  produced  posteriorly; 
umbonal  region  terminal ;  dorsal  area,  constituting  a  long  narrow 
obliquely  striated  depression,  entirely  bordered  within  by  an  obtuse 
carina,  and  above  by  an  obscure  lengthened  hinge-line;  growth- 
lines  slightly  impressed. 

DimenBtons. — Length  54,  height  12  mm. 

This  interesting  specimen  consists  of  a  natural  cast  and  counter- 
part, showing  external  surface  of  a  left  valve,  which  resembles  in 
many  of  its  oharactei*s  some  Jurassio  forms  of  the  genus,  such  as 
O.  monoiis,  Deslongchamps,  from  the  Batbonian  of  Britain  and 
Europe,  or  O.  acuta,  J.  de  C.  Sowerby,  of  Bajooian  age.  From  the 
former  it  appears  to  di£fer  in  its  lesser  convexity  and  longer  hinge- 
line,  and  from  the  latter  in  its  less  oblique  and  more  lengthy 
hinge  area. 

Collector. — Dr.  Hanitsch. 

VoLSBLLA  cf.  OOMPBBSSA,  Guldfuss.     (PL  XXV,  Fig.  5.) 

Mytilus  €ompre»Mu»,  Goldfuss  :  Petrefacta  G^rmanieB,  1837,  toI.  ii,  pi.  ezxzi,  ftg.  11, 
p.  178.  Morris  &  Lycett:  Mon.  Pal.  Soc.  (Great  Oolite  MoUuaca,  pwrt  2), 
1853,  pi.  i?,  fig.  7,  p.  40. 

In  general  contour  and  flatness  this  shell  is  closely  related  to 
Mytilus  compre»$uB  of  Goldfuss,  originally  described  from  Hanover 
and  the  Stonesfield  Slate.  The  principal  distinction  appears  to  be 
in  the  concentric  lineations,  which  are  fewer  and  more  distant  in  the 
Singapore  fossils,  although  some  obscure  ones  are  traceable  between 
the  more  important  strias,  especially  on  the  lateral  areas.  The  umbo 
is  not  terminal  as  in  Mytilus,  so  that  this  form  is  recognised  as  a  true 
VoUeUa  (~  Modiola).  The  specimen  shows  an  external  view  of 
a  left  valve  embedded  in  matrix. 

Dimeneions, — Length  20,  height  (maximum)  10  mm. 

Collector. — Mr.  J.  B.  Sonv^wox, 
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?  NuouLAVA  tp.     (PL  XXV,  Pig.  7.) 

A  figare  has  been  drawn  of  a  fragmentary  valve  whtoh  may 
repreaent  either  a  Nuetdana  or  an  Anatintt,  that  is  if  the  shell  can  be 
assumed  to  have  possessed  a  rostration  as  indicated  by  the  dotted 
lines.  The  specimen  shows  an  external  ^new  of  a  compressed  right 
valve  with  a  short  and  roanded  anterior  area  and  a  horizontal  dorsal 
line  which  forms  the  boundary  to  an  obtusely  angled,  elongate  area, 
extending  posteriorly  from  the  rather  flattened  umbonal  region. 
The  snrfliioe  of  the  valve  is  delicately  striated  concentrically,  and 
slightly  wrinkled  posteriorly. 

Supposing  the  specimen  originally  to  have  been  rostrated,  then  the 
concentric  lineation  is  finer  than  usually  obtains  in  Anatina,  being 
perhaps  more  applicable  to  Nueulana,  although  even  in  that  genus 
the  dorsal  line  appears  to  be  too  horizontal,  an  obliquity  being 
nsaally  apparent  descending  from  the  umbo  before  prooeeding  in 
the  posterior  direction. 

ColUetor, — Mr.  J.  B.  Scrivenor. 

?NUCUL0ID  SHELL.     (PI.  XXV,  Fig.  6.) 

The  "Nnouloid  shell"  here  referred  to  is  an  external  view  of 
a  narrow,  lanoeolate  right  valve,  buried  in  the  matrix,  and  preserved 
as  a  natural  cast  together  with  the  counterpart.  The  umbo  is  very 
anterior,  small,  and  scarcely  rising  above  the  hinge-line ;  the  dorsal 
and  ventral  margins  are  subparallel ;  anterior  margin  short  and 
rounded  ;  posterior  oblique,  produced,  and  subaouminate ;  sculpture 
consisting  of  delicate  strisB  of  growth,  ooncentrically  arranged ;  no 
crenulations  observable  on  the  hinge  area. 

JXmensions. — Length  20,  height  8  mm. 

It  is  not  possible  to  determine  more  closely  the  shell  which  is 
here  figured  and  briefly  described.  Probably  it  is  a  form  related  to 
Nueula,  but  the  absence  of  crenulations  at  the  hinge  area  renders 
such  a  supposition  very  doubtful.  Farther,  there  is  a  resemblance 
in  general  contour  to  Conrad's  PalfiBozoic  genus  NuctUiles,  the  casts 
of  which  in  common  with  the  specimen  from  Singapore  bears 
a  narrow  notch-like  cavity  in  the  nnterior  region  beneath  the 
umbo;  but,  again,  the  want  of  cardinal  crenulations  would  create 
a  difficulty  if  included  in  such  a  genus.  With  better  material  at 
some  future  time  this  shell  may  eventually  be  identified. 

CoUeetor, — Mr.  J.  B.  Scrivenor. 

?LuoiNA  sp.     (PI.  XXV,  Fig.  15.) 

The  specimen  referred  doubtfully  to  the  genus  Lueina  is  a  small, 
subcircular,  rather  coui pressed,  right  valve,  showing  a  nearly  mesial 
rounded  umbo  directed  obliquely  forward,  and  having  its  surface 
ornamented  with  numerous,  closely-set,  microscopical,  oonoentrio 
striations,  which  are  more  obvious  on  the  ventral  and  lateral  areas 
than  on  the  umbonal  region.  In  the  postero- ventral  direction  the 
valve  is  imperfect ;  this  has  been  indicated  in  the  figure  by 
a  dotted  line.  It  is  impossible  to  suggest  to  what  shell  this 
fragmentary    valve    might    be    related,    cdthongh    interesting   for 
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referenoe  as  one  of  thd  speoies  foand  in  the  Singapore  Clays.  This 
specimen  may  be  also  said  to  resemble  some  small  forms  of 
Unieardium. 

..   Dimensions, — Length  11,  height  10  mm. 
CoUeetor, — Mr.  J.  B.  Scrivener. 

AsTABTE  SoBiVKNOBi,  sp.  nov.     (PL  XXV,  Figs.  11,  12.) 

Shell  subquadrate,  slightly  convex;  umbo  anterior;  dorsal  line 
(^lightly  oblique;  posterior  area  depressed,  sloping,  and  angpilated 
below ;  ventral  margin  nearly  parallel  with  dorsal ;  anterior  area 
rounded  and  short.  Ornament  consisting  of  from  10-12  nearly 
horizontal  costal  ribs,  obtusely  angled  on  both  sides,  and  separated 
by  rather  wide  suloations ;  anterior  costss  crowded  and  finest  in  fronL 
.  Dimensions, — Fig.  II,  length  14,  height  11  mm. ;  Fig.  12»  length 
11,  height  7  mm. 

.  This  form  is  represented  by  two  right  valves  of  different  ages, 
the  younger  showing  a  muoli  finer  and  more  crowded  system  of 
costee  (Fig.  12),  whilst  the  older  shell  (Fig.  11)  possesses  a  bolder 
and  coarser  sculpture.  The  lateral  angles  of  the  oostss  present 
a  feature  of  interest  in  the  sculpture  which  is  apparently  not  known 
among  typical  astartiform  shells,  hence  it  has  been  regarded  as 
a  new  species.  In  addition  it  may  be  mentioned  that  this  species 
shows  a  certain  resemblance  in  contour  and  structure  to  A,  tnler- 
tineata  of  Lycett,  from  the  Oreat  Oolite  of  Minchinhampton  (see 
Mon.  Pal.  Soc,  1854,  pi.  ix,  figs.  14,  15,  p.  87). 
•    Collector. — Mr.  J.  B.  Soriveiior. 

ASTARTB    GUTHBIBNSIS,    Sp.  UOV.       (PI.  XXV,  Fig.  9.) 

Shell  small,  subelliptical,  moderately  convex;  umbo  anterior; 
front  area  short,  rounded,  slightly  excavated  beneath  the  umbo ; 
posterior  margin  elongate,  oblique ;  ventral  border  thickened, 
rounded  ;  sculpture  consisting  of  about  10  wide,  elevated,  concentric 
costce,  bearing  minute  lineations,  divided  by  smooth  suloations  of 
nearly  equal  width. 

Dimensions, — Length  11,  height  6  mm. 

This  specimen  is  embedded  in  the  matrix  and  exhibits  an  external 
view  of  the  right  valve.  The  dorso-posterior  margin  is  rather 
imperfect,  otherwise  the  specimen  is  fairly  seen  and  its  ornamentation 
is  well  displayed.  The  raised  concentric  and  striated  ridges 
divided  by  the  prominent  smooth  suloations  and  without  any 
evidence  of  radial  lines,  are  the  chief  sculpture  characters  of  the 
valve. 

Collector, — Mr.  J.  B.  Scrivener. 

* 

ASTARTK  GUTHBIKNSIS,   var.  UOV.      (PI.  XXV,  Fig.  10.) 

Shell  with  similar  sculpture  to  A.  Outhriensis,  but  of  rather 
quadrate  form,  and  considerably  less  oblique  posteriorly. 

Dimensions, — Length  10,  height  7  mm. 

This  variety  is  represented  by  an  external  surface  of  a  right  valve 
in  which  the  umbo  is  not  preserved,  but  the  excavation  beneath  is 
well  marked. 

CoUeetor. — ^Mr.  J.  B.  Sorivenor. 
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QONIOMTA  SOBIYSNOBI,   Bp.  DOV.       (PI.  XXV,  Fig.  1.) 

Shell  narrow,  convex,  suboylindrical,  umbo  anterior,  vertioal,  and' 
not  prominent ;  dorsal  margin  gently  sloping  from  umbo  on  each 
side,  anterior  end  rounded,  posterior  truncated  ;  sculpture  consisting 
of  a  regular  series  of  about  16  V-shaped,  slightly  curved,  oblique 
oostad,  which  are  elevated,  rounded,  funiculatey  and  divided  by 
prominent  sulcations,  bearing  closely  -  set,  obscure,  longitudinal 
Btriations ;  some '  of  the  costsd  at  the  anterior  end  are  angulated 
inwards. 

Dimemiona. — Length  21,  height  7  mm. 

This  specimen,  represented  by  an  external  view  of  a  left  valve 
embedded  in  the  clay-matrix,  is  beautifully  marked,  the  costad 
showing  a  delicate  cord-like  structure;  it  is  of  narrowly  elongate 
form,  and  appears  to  differ  from  all  other  members  of  the  genus  by 
its  non  -  prominent  umbo,  the  presence  of  angulate  costiB  at  its 
anterior  end,  and  the  funiculate  ornamentation  of  the  costal  ribs. 
The  limits  of  the  ventral  margin  are  not  defined. 

Collector, — Mr.  J.  B.  Scrivener. 

GONIOMYA   SlNQAPOBBNSIS,    Sp.  UOV.       (PI.  XXV,  FigS.  2,  3.) 

Shell  elongate,  slightly  convex ;  umbonal  region  very  anterior, 
obtuse,  vertical,  slightly  elevated  at  summit ;  posterior  dorsal  margin 
oblique,  long ;  anterior  area  obliquely  margined  from  the  summit, 
short,  rounded  ;  sculpture  consisting  of  a  series  of  V-shaped,  sharply 
angulated  costal  ribs  arranged  beneath  the  umbonal  area,  separated 
by  sulcations,  which  are  finer  and  closer  on  the  anterior  side  and 
wider  apart  and  divided  by  broader  grooves  posteriorly  ;  the  ribs 
are  elevated,  rounded,  and  slightly  curved  outwards ;  surface  of 
grooves  bearing  fine  longitudinal  striations  with  obscure  indications 
of  strisd  on  the  anterior  costae. 

Dimensions, — Length  32,  height  (from  umbo  to  thirteenth  angu- 
lation) 11  mm. 

Two  out  of  the  three  specimens  representing  this  form  are  shown 
in  Figs.  2  and  3,  the  former,  an  excavated  impression  of  a  right 
valve,  being  the  most  perfect,  though  deficient  in  ventral  details; 
whilst  Fig.  3  applies  to  a  fragmentary  natural  cast  of  a  left  valve  in 
which  the  angulated  cost®  and  the  short  anterior  region  are  well 
displayed. 

This  species  differs  from  0,  Scrivenori  in  its  more  anterior  umbo, 
its  much  shorter  anterior  area,  more  oblique  posterior  margin,  and  its 
less  defined  ornamentation.  It  was  probably  a  cylindrical  form 
resembling  such  a  species  as  Agassiz's  Goniomya  sulcata  from  the 
Jurassic  rocks  of  Switzerland,  which  also  possesses  very  anterior 
umbones,  but  differs  in  having  coarser  ribbing  and  a  more  prominent, 
nmbonal  area,  which  is  inclined  to  obliquity.  In  the  absence  of 
dental  characters  it  is  impossible  to  say  whether  the  Singapore 
specimens  might  not  belong  to  Trt^onia,  as  some  forms  of  that  genus 
exhibit  a  V-shaped  ribbing,  such  as  have  been  described  by 
Dr.  Kitchen  from  the  Oomia  Beds  (Upper  Jurassic)  of  India. 
(Palasontologia  Indioa,  1903,  ser.  ix,  vol.  iii,  p.  70,  pis.  vii,  viii),  bat 
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the  finer  and  more  regular  ornamentation  woald  in  any  oaae  at  once 
diBtingruish  them  from  the  Indian  shells. 

C7oli€e<orf.— Mr.  J.  B.  Scrivenor  (Fig.  2)  and  Dr.  Hanitech  (Fig.  8). 

?  Thbaoia  Bp.     (PL  XXV,  Fig.  8.) 

I  have  placed  doubtfully  under  the  genus  Thracia  the  largest  of 
the  shell  remains  found  in  the  Singapore  deposits.  Unfortunately 
the  umbo  is  wanting,  and  its  exaot  position  is  very  uncertain, 
although  it  was  possibly  more  or  less  mesial.  The  specimen  consists 
of  a  considerably  fractured  natural  cast  representation  of  the  left 
valve  of  an  elongate  shell,  rounded  anteriorly,  with  a  probably  nearly 
horizontal  dorsal  margin,  and  possibly  an  elliptically  curved  base. 
It  has  the  appearance  of  having  had  originally  an  oval  outline,  and 
in  the  posterior  region,  where  the  principal  characters  are  merged,  there 
is  an  obtusely  angulated  area  descending  obliquely  from  the  umbonal 
region  to  the  median  angulation  of  the  truncated  margin,  producing 
a  cuneiformity  of  outline  which  is  repeated  within  by  the  concentric 
growth- lines. 

Dimensions, — Length  62,  height  (about)  33  mm. 

Collector. — Mr.  J.  B.  Scrivenor. 

PLANTS. 

PoDOZAMiTBS  cf.  LANOBOLATus,  Lindlcy  &  Huttou. 
(PL  XXV,  Figs.  16,  17.) 

Zamia  lanceolatay  Lindley  &  Hutton:   Fowil  Flora  Great  Britain,  1836,  toL  iii, 

pL  194. 
Fodozamitea  lanceolatn*^  Seward :  Catalo^e  Meeozoic  Plants  British  Museum,  The 

Jurassic  Flora  (Yorkshire  Coast),  1900,  p.  242,  text-figure  No.  44  on  p.  245. 

H.  Yabe:  Joum.  Coll.  Sci.  Imp.  Univ.  Tokyo,  Japan,  1905,  vol.  xx.  Article  8, 

pi.  iv,  figs.  1-5,  p.  17. 

The  largest  of  the  two  specimens  appearing  to  bear  a  relationship 
to  Fodozamitea  lanceolatus  consists  of  a  long  leaf-like  body  embedded 
in  the  clay-matrix,  much  crushed  and  bent  about  at  its  widest  end, 
and  diminishing  rather  rapidly  at  its  other  extremity  for  probable 
attachment  to  a  rachis,  whilst  a  series  of  parallel  lines  or  venations 
traverses  the  entire  surface  of  the  organism.  There  is  no  indication 
of  a  stem,  although  the  peculiar  narrowing  of  the  supposed  basal  end 
would  suggest  that  that  part  would  form  the  point  of  attachment 
The  broader  end  is  not  complete,  so  that  the  original  length  is 
uncertain,  but  the  maximum  width  of  the  pinna  can  be  given  as 
16  mm.  Although  much  broader  than  the  pinnsd  of  typical  examples, 
this  specimen  is  by  no  means  the  widest  known.  Dr.  Tabe  having 
recently  figured  some  specimens  from  Korea  with  a  measurement 
of  20  mm. 

The  second  specimen  represents  another  fragmentary  pinna,  which 
is  of  smaller  dimensions,  being  only  7  mm.  wide.  It  is,  however,  of 
interest,  since  a  well-rounded,  slightly  notched,  basal  margin  can  be 
seen,  as  well  as  the  characteristic  parallel  venations,  the  more 
lateral  of  which  curve  slightly  inwards  at  the  termination.  Un- 
fortunately the  apical  region  is  incomplete,  and  there  is  no  means  of 
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aloertaining  the  exact  length  of  the  fossil,  although  it  is  prohable 
that  it  was  a  moch  shorter  form,  such  as  has  been  figured  by 
Dr.  Tabe  from  Korea  and  compared  with  F,  pulehellui  of  Heer  from 
Spitsbergen  (Kongl.  Svensk.  yetensk.-Akad.  Handl.  [Stockholm], 
1876,  vol.  xiv,  No.  5,  p.  38,  pi.  ix,  figs.  10-14).  A  slight  resem- 
blanoe  can  also  be  traced  to  a  pinna  recently  figured  by  Mr.  Seward 
from  the  Stonesfield  Slate  as  F.  Stone sfielden$is  (Catalogue  Mesozoic 
Plants  British  Museum,  Liassic  and  Oolitic  Floras  of  England,  1904, 
pi.  ill,  fig.  4,  p.  128),  in  which  a  basal  notch  has  been  likewise 
observed. 

Remains  of  this  plant  are  frequently  found  in  a  poor  state  of 
preservation,  and  only  detached  pinn»  as  a  rule  are  obtained,  these 
being  sometimes  damaged  at  their  terminations  like  the  Singapore 
specimens.  The  species  is  a  very  variable  one,  the  pinnas  differing 
considerably  in  dimensions  and  the  number  of  parallel  venations 
never  being  quite  the  same.  Its  geographical  distribution  is  ex- 
tensive. Originally  de8cril)ed  from  the  Torksliire  Oolites,  it  has 
since  been  recorded  from  European  countries,  Spitzbergen,  Siberia, 
Persia,  India  (Upper  Gondwana  Beds),  China,  Japan,  and  Korea. 
For  an  exhaustive  synonymy  of  the  species  Mr.  Seward's  British 
Museum  Catalogue  should  be  consulted. 

CoHeetars. — Mr.  J.  B.  Scrivenor  (Fig.  16)  and  Dr.  Hanitsch 
(Fig.  17). 

Cabpolithbs  sp.     (PI.  XXV,  Fig.  18.) 

An  isolated  seed,  buried  in  the  matrix,  of  apparently  a  Cyoadean 
character  has  been  provisionally  referred  to  the  genus  Carpolithes. 
It  is  of  rather  oblong  contour  with  nearly  parallel  sides,  and  bearing 
a  longitudinal  rounded  ridge  on  the  right  margin,  which  may 
represent  a  fractured  edge  of  the  outer  cuticle  of  the  seed.  The 
central  oval  and  convex  body,  which  is  possibly  the  naked  seed  itself, 
is  minutely  and  concentrically  striated,  «*6pecially  on  the  sides. 

In  connection  with  the  remains  of  Fodozamites  it  is  interesting  to 
find  a  seed  of  this  character  in  association,  as  the  assemblage  is 
suggestive  of  a  Lower  Oolite  flora,  such  as  characterise  the  rocks  of 
the  Yorkshire  coast,  Stonesfield,  and  the  more  distant  Jurassic 
regions. 

Dimengiong. — Width  7,  height  8  mm. 

Collector. — Mr.  J.  B.  Scrivenor. 

EXPLANATION    OF    PLATE    XXV. 
Fxo. 

1.  Ooniomya  Serivmori,  sp.  noy.     External  view  of  a  left  Talye.     x  2. 

2.  O.  SingapormuU,  sp.  dot.    External  yiew  of  a  right  yalve  drawn  from  a  wax 

oast  of  original  impression.    Nat.  size. 

3.  O,  Singaporennt,    External  aspect  of  a  fragmentary  left  yalye.     Nat.  size. 

4.  Oervillia  Hanitschiy  sp.  noy.     External  ^iew  of  natural  cast  of  a  left  yalve. 

Nat.  size. 
6.     VoU$Ua  of.  MmpreMta,  Qoldfuss.    External  view  of  a  left  valve,     x  2. 

6.  {f  Nacoloid  shell.]    External  view  of  a  right  valve,  showing  obscure  anterior 

notch.    Nat.  size. 

7.  fNtteulana  sp.     External  view  of  a  right  valve,  the  dotted  line  showing 

probable  xx>stration.    Nat.  size. 
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8.  f  Thraeia  sp.     Natural  cast  of   an  imperfect  left  Talye  showing  extemsl 

features.    Nat.  size. 

9.  Attarie  Guthrimsia,  sp.  noT.    External  Tiew  of  right  Talye.     x  2. 

10.  A.  Outhriiiuit^  Tar.     Outer  view  of  a  ri^ht  Talve.      x  2. 

11,  12.    A»  Scrivenori,  sp.  nov.    External  Tiews  of  right  Talyes.     Fig.  12  dnwn 

from  a  wax  cast  of  original  c«vity.    Nat.  size. 
.13.     Cucttllaa  Scrivmori,  sp.  nov.     External  view  of  right  yalTe.      x  2. 

14.  Area  sp.    External  view  of  a  natural  cast  of  a  right  valve.     Nat.  size. 

15.  fZticina  sp.     Outer  aspect  of  a  fragmentary  ri^ht  valve,     x  2. 

16.  Fodozamitts  cf.  laneeolatus.    An  incomplete  pmna  showing  the  probable  base 

as  taperine  to  a  point  where  attachment  to  the  rachis  mignt  have  been 
effected.     Nat.  size. 

17.  Fodozamitea  cf.  laneeolatut.    A  more  imperfect  fragment  of  another  pinna  with 

an  obscure  indication  of  a  basal  notch,     x  2. 

1 8.  CarpoHthea  sp.    Longitudinal  view  of  a  seed  showing  on  the  right  margin  the 

remains  of  a  possible  outer  integument,     x  2. 

ydte, — Specimens  represented  by  Figs.  3,  4,  and  17  wer^^  oollected  and  presented 
to  the  British  Museum  by  Dr.  K.  Hanitsch ;  the  remainder  were  oollected  by 
Mr.  J.  B.  Scrivenor  and  similarly  presented  by  him  to  the  same  institution. 


III. — The  Carboniferous  SuooESSioif  below  the  Coal-Measubes 
IN  North  Shropshire,  Denbighshire,  and  Flintshire. 

By  "Wheelton  Hind,  M.D.,  B.S.,  F.R.C.S.,  F.G.8.,  and  John  T.  Stobbs,  F.G.S. 

{Coneludad  from  the  October  Number ^  p,  459.) 

5.     Comparison    of    the    PALisoNTOLOOiOAL    Sequence    of    the 
Carboniferous  Rooks  of  North  Wales  with  that  which 

OCCURS    IN    OTHER    CARBONIFEROUS    ArEAS    IN    EnOLAND    AND 

Wales. 

The  pal  aeon  tological  Buccession  of  the  Carboniferous  rocks  of 
North  Wales  is  practically  identical  with  the  succession  in  the 
Pennine  area,  and  to  a  certain  extent  with  that  which  obtains  in  the 
Bristol-Meudip  area. 

Dr.  A.  Yaughan  has  demonstrated  that  in  the  latter  district  the 
distribution  of  the  Corals  and  Brachiopoda  affords  a  definite  basis  for 
the  subdivision  of  the  Carboniferous  Limestone  into  life-zones  (Quart 
Journ.  Geol.  Soc,  vol.  Ixi,  pp.  180-307).  We  have  found  the  corals 
most  valuable  indices  during  our  work  in  North  Wales.  Apparently 
the  vertical  distribution  of  the  Carboniferous  corals  demonstrates 
a  progressive  evolution,  and  both  genera  and  species  have  a  definite 
vertical  range  and  are  therefore  time  indices.  They  can  on  that 
account  be  safely  relied  upon  for  the  correlation  of  beds  in  faulted  or 
widely  separated  areas.  With  regard  to  the  Brachiopoda,  here  again 
within  limits  certain  definite  mutations  cf  a  form,  which  evidently 
have  a  certain  genetic  relation sliip,  appear  only  at  particular  horizons 
and  have  a  definite  vertical  range.  Unfortunately  many  of  the 
names  of  the  Brachiopods  selected  by  Dr.  Yaughan  as  the  zonal 
indices  belong  to  species  which  were  founded  on  specimens  which 
occurred  at  much  higher  horizons  than  those  to  which  he  would 
have  referred  them  in  the  Bristol  area.  They  are  therefore  the  last 
mutation  of  the  genus  of  the  peculiar  species  rather  than  one  of 
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be  earlier  mutations.  The  specific  names  must  be  strictly 
:ept  for  the  special  form  occurring  in  the  beds  whence  the  type- 
peciniens  were  derived.  We  instance,  more  particularly,  Schizo- 
horia  reBupinata,  Martin,  Syringothyris  cnspidala,  Martin,  Spiriferina 
ctoplicata,  Sow.,  the  types  of  which  came  from  beds  in  Derbyshire 
rhich  belong  to  the  higher  coral  zones.  It  will  be  a  very  easy 
natter  to  indicate  in  some  simple  way  or  other  the  precise  mutation 
rhich  is  typical  of  the  lower  beds  without  introducing  any 
mbiguity. 

With  regard  to  our  researches  in  the  Carboniferous  rocks  of  North 
Vales,  certain  very  definite  results  obtain.  We  find  that  there  is 
o  evidence  that  any  beds  belonging  to  the  series  which  come  on 
elow  the  Dibunophyllum  zones  in  the  Bristol-Mendip  area  are 
epresented  in  North  Wales,  except  possibly  some  few  feet  of  the 
Jpper  Semintda  beds. 

The  Basal  Conglomerate,  containing  derived  fossils  only,  which 
ies  between  the  Silurian  rocks  and  Carboniferous  Limestones  in 
ome  localities,  is  unconformable  to  the  Lower  rocks,  but  oonformable 
>  the  limestones.     Although  red  in  colour  it  therefore  represents 

time  late  in  the  Carboniferous  period,  judged  from  the  Bristol- 
lendip  succession,  and  consequently  is  in  no  way  the  homotaxial 
quivalent  of  the  Old  Red  Sandstone. 

The  Conglomerate  is  due  to  purely  physiographical  conditions, 
nd  represents  the  initial  deposits  laid  down  upon  a  sinking  land 
arface,  a  fact  indicated  by  the  petrological  study  of  the  pebbles 
rhich  enter  into  its  composition  (Strahan  &  Walker,  Quart.  Joum. 
leol.  Soc.,  vol.  XXXV,  pp.  268-274).  These  conglomerates  appear 
x»lly  on  the  western  side  of  the  Vale  of  Clwyd,  and  the  thickest 
Bction  appears  to  be  at  Ffernant  Dingle,  where  a  fairly  complete 
accession  can  be  made  out.  At  other  places,  as  at  Minera  quarries, 
be  Carboniferous  Limestone  rests  unconformably  but  immediately 
n  beds  of  Bala  age.  At  Llangollen  Mr.  Morton  estimated  that  the 
eds  which  he  then  called  Old  Red  Sandstone,  were  50  feet  thick. 

Comparative  sections  of  the  Carboniferous  Limestone  show  that 
[lis  series  thins  out  rapidly  from  north  to  south,  and  while  the 
pper  beds  can  be  traced  across  the  whole  district  by  their  zone 
>ssil8,  the  lower  beds  are  wanting  in  the  south.  This  must  have 
een  due  to  the  fact  that  the  southern  part  of  the  sinking  land 
arface  was  higher  than  that  to  the  north,  and  consequently  only 
sceived  the  deposit  later  on.  Hence  it  follows  that  the  base  of  the 
!arboniferou8  Limestone  in  North  Wales  does  not  represent  the 
ame  horizon  in  every  locality,  and  further  that  the  Basal  Con- 
lomerates,  where  present,  are  not  necessarily  all  of  the  same  age  in 
oint  of  time,  owing  to  the  fact  that  deposition  took  place  on  an 
neven  and  irregular  floor. 

It  is  questionable  whether  the  Seminuln  zone  of  the  Bristol  area  is 
epresented  at  all  in  North  Wales.  It  is  true  that  the  zone  fossil, 
\eminula  ficoidesy  Yaughan,  is  fairly  abundant  south  of  Dyserth, 
etween  Pentre-baoh  and  Pentre  Cwm  (mentioned  in  the  Memoir 
f  the  Geological  Survey,  "The  Geology  of  the  Coasts  adpiuiu^ 
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Rhyl,  Abergele,  and  Colwyn,"  p.  9),  where  it  occurs  with  Archao- 
sigiUaria  Vanuxemi,  Gopp.,  and  other  plant-remains.  This  shell 
was  evidently  alluded  to  as  Athyris  Royisii  in  the  memoir. 

The  absence  of  Caninia  makes  it  definite  that  only  the  top  of  the 
Semiuula  beds,  if  any,  can  be  present  In  the  Bristol  area  Seminvla 
is  still  present  in  the  Lower  Dihunophyllum  zone.  It  is  tht^refore 
certain  that  the  lowest  limestones  of  the  North  Wales  sequence 
cannot  be  lower  than  the  junction  of  the  Semiuula  and  DibunophjfHum 
zones  of  Bristol. 

In  North  Wales  DaviegieVa  (Productus)  UangollenstB  characterises 
the  lowest  beds  of  limestone  at  Llangollen  and  Minora,  but  it  is 
found  some  little  distance  above  the  base,  and  associated  with 
Seminula  at  Llandulas.  The  internal  characters  of  DaviesieHa  (P.) 
Zlangollen$i»  closely  resemble  those  of  Chonetet  aff.  comoides, 
Yaughan,  which  that  writer  proposes  to  call  Choneti-produetui. 
It  is  important  to  note  that  the  one  species  in  North  Wales  and  the 
other  in  Bristol  occur  apparently  at  the  same  level,  i.e.  practically 
at  the  junction  of  the  Upper  Seminula  and  Lower  DibunopkyUmm 
acnes. 

Hence  we  arrive  at  the  important  conclusion  that  the  whole  of 
the  Toumaisian  Series  as  represented  in  the  Bristol  area,  and  nearly 
all,  if  not  all,  of  the  Seminula  beds,  were  not  deposited  in  North 
Wales,  and  we  may  reasonably  infer  that  this  area  was  not 
submerged  during  the  time  that  these  beds  were  being  laid  down 
in  the  south-west  of  England.  This  fact  is  of  great  importance,  and 
clears  away  many  of  the  great  difficulties  that  the  distribution  of  the 
Carboniferous  corals  in  the  Pennine  area  and  the  Lower  Limestone 
Series  of  Scotland  apparently  opposed  at  first  to  Dr.  Vaughan's 
conclusions.  It  was  a  well-known  fact  that  the  more  highly  evolved 
corals,  the  Dibunophyllids,  Clisiophyllids,  and  Lonsdaleia,  in  fact 
the  upper  coral  fauna,  were  found  at  the  base  of  the  Carboniferous 
Limestone,  Westmoreland  (Shap)  and  in  the  Lower  Limestone 
Series  of  Scotland.  It  was  also  puzzling  why  the  lower  faunas  of 
the  Bristol  area  had  not  been  found  in  the  Midlands.  The  succession 
of  the  Lower  Carboniferous  rocks  of  North  Wales  evidently 
furnishes  a  very  simple  solution  of  the  problem,  and  that  the  whole  of 
the  Carboniferous  Limestone  Series  of  the  Pennine  area  and  Scotland 
belong  to  the  Dibunophyllum  and  Seminnia  zones,  with  the  possible 
exception  of  the  Basement  beds  below  the  Ash  Fell  Series  of 
Westmoreland.  Hence  the  contention  of  Dr.  W.  Hind  that  the 
limestones  of  the  Pennine  area  are  characterised  by  Produeiui 
gtganteuB  and  its  varietal  forms  is  practically  correct  (Qbol.  Mao., 
Deo.  IV,  Vol.  V,  p.  69). 

In  the  Bristol  area  Dr.  Vanghaii  estimates  the  Dibunophyllnm 
zone  to  be  400  feet  thick.  It  is  probably  about  600  feet  thick  in 
North  Wales,  but  in  the  Midlands  may  be  from  1,500  to  2,000  feet 
thick. 

The  Dibunophyllum  zone  of  North  Wales  can  be  everywhere 
divided  into  an  upper  and  a  lower  sub-zone  as  at  Bristol,  but  certain 
local  differences  are  present. 
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In  the  Bristol  area  Productiu  ^iga*teiu  with  its  v&rietal  formB  hu 
ita  maximum  towards  tLe  base  of  the  Lower  DibuaoiihglluM  Bub-zone, 
whereas  in  North  Wales  this  group  of  shells  is  not  dt  all  ooromoa  at 
this  horizon,  hut  ooours  in  the  greatest  prorusioa  at  the  top  of  the 
Upper  Dibiaiopkjilhtm  sub-zone.  At  tlie  quarry  at  Wnenbrodlas, 
immedialely  below  the  Cgalhaxouia  beds,  this  speoiea  ooours  in 
millions,  and  ourionaly  enough  the  nametl  varietal  forms  of  this 
■bell  occur  with  it  in  the  same  beds.  It  is  apparent,  therefore, 
that  the  evolution  of  varietal  forms  of  this  species  does  not  afford 
an;  help  for  the  purposes  of  zoning. 

The  typical  transverse  forms  of  F.  giganteua.  as  figured  by  Martin, 
with  long  ear-like  prooesses  and  fine  ribs,  are  Aooonipnnied  by  the 
broad  flat-ribbed  form  named  P.  £delburgeniit  by  Phillips,  and 
others  less  transverse  like  tlie  specimens  figured  by  Davidson  (Brit. 
Fobs.  Braohiopoda,  pt.  v,  pi.  xxxvii,  figs.  1-3). 

The  Lower  Dibunopkiftlum  zone  is  marked  by  the  presence  of 
(^tkopkgllmm  MurekitoM  in  abundance.  Lilkoilrotion  Martini  and 
its  matatjuna  are  also  fairly  abnndant  Dibtmopht/Utm  0  and  D.  <p  are 
alao  preBont. 

Prodmettu  htmiapierieut  and  P.  Cora  are  also  freqnent. 


HarfflWus. 


BRISTOL ■ 


Fib.  4. 
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The  Upper  Dibunophgllvm  sub-zone  is  oliarncterised  by  all  the 
typical  fosaile  of  the  Bristol  equivalent:  Lotudaleia  flori/ormi; 
Jt.nigo§a,  CyalhophgUumot.regtam,  C.  Murehitoni,  Lilhottrolion  Martini, 
L.  irregulare,  L.  jitnctum,  L.  Porllocld,  L.  entifer,  AhroHlei  teptoia, 
Dibunophgllam  tarbinalam,  and  Phitliptattraa  rtidiata.  The  fauna  is, 
however,  rouob  richer  in  genera,  spooies,  and  individuals  than  that 
which  is  present  in  the  Upper  Dibunophgllum  zone  of  the  Bristol 
area.  Spirifer  and  its  allies  are  abnnilant:  S.  Irignnalii,  S.  bitul' 
ealus,  S.  ptanieottata,  S.  ttriaia,  Betieularia  tineata,  Martinia  glabra, 
AAfrii  planotuleata,  A.  expanta,  Sttninula  ambigua,  Didaima 
ktutata,  and  various  forms  of  Pugnax  and  CamaroUBchia, 

SehitopJtora  retupinata  is  very  abundant  and  of  large  size,  but 
Bi/riiigolX^ris  eoipidata  is  decidedly  rare. 

It  is  in  this  soh-zone  that  the  well-known  rich  Carboniferous 
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fauna  of  Derbyshire,  North  Staffordshire,  and  Torkehire  ooours,  and 
it  is  an  important  question  as  to  what  conditions  determined  the 
paucity  of  species  and  genera  at  the  same  horizon  in  the  Bristol  area. 

Tlie  presence  of  Lon9daleia^  Cyathophyllum,  and  the  smaller  species 
of  Lithnstrotion  indicate  the  line  which  separates  the  Upper  and 
Lower  Dibunophyllum  sub-zones  in  North  Wales. 

The  upper  part  of  the  latter  zone  is  characterised  by  important 
corals  which  mark  off  a  definite  sub-zone,  the  importance  of  which 
is  great  because  these  corals  occur  at  the  same  horizon  in  other  areas 
in  the  Midlands. 

These  corals  are  Cyathaxania  and  a  new  form  which  Dr.  Vaughan 
has  described  as  Amplexi-zaphrentis  (Quart  Joum.  Qeol.  Soa, 
vol.  Ixii,  p.  215).  The  history  of  the  latter  is  of  interest,  as  it  was 
on  his  determination  of  these  specimens,  which  I  knew  oame  from 
beds  at  the  very  top  of  the  Carboniferous  Limestone,  to  be  ZapkrentU 
Phillipai  that  we  doubted  the  value  of  the  latter  as  a  zone  fossil. 

Externally  this  coral  cannot  be  distinguished  from  a  small 
Zaphrentis,  but  sections  demonstrate  structural  differences,  the  sepia 
in  full-grown  forms  not  reaching  the  centre  and  being  attached  to 
the  wall  by  broad  bases.  They  possess  tabulsB  with  a  fossula-like 
depression.  Dr.  A.  Vaughan  has  published  figures  of  these  oorals, 
op.  supra  cit. 

Both  Cyathaxonta  and  Amplexi-zaphrentia  are  abundant  in  the 
upper  beds  of  the  Carboniferous  Limestone  and  in  the  calcareous 
shales  at  the  base  of  the  Pendleside  Series  with  ProlecaniUs 
eompresBuSf  at  Bradbnurne,  Derbyshire,  near  Warslow  and  Wetton, 
Staffordshire,  in  the  banks  of  the  Hodder  near  Stony  hurst,  and  also 
at  Whitewell,  and  immediately  below  the  Posidonomya  Beeheri  beds 
in  a  little  stream  south-east  of  Hill  Skelterton,  near  Cracoe.  I  have 
also  found  them  at  the  same  horizon  at  Rainhall  Quarry,  Barnolds- 
wick,  and  at  the  quarry  half  a  mile  south  of  Switchers  and  one  and 
a  half  miles  W.S.W.  of  Hellifield. 

The  range  of  Cyathaxonta  and  Amplexi-zaphreniiB  denotes  the 
passage  beds  between  the  Carboniferous  Limestone  Series  and  the 
Pendleside  Series.  At  Lady  McLaren's  Quarry,  Prestatyn,  they 
lived  on  until  Pterinopecten  papyraceus  appeared. 

In  North  Wales  this  passage  series  is  complicated  by  the  local 
presence  of  the  chert  beds.  The  chert  beds  themselves  contain  but 
few  recognisable  fossils  beyond  abundance  of  sponge  spicules  (vide 
antCf  p.  893),  and  they  are  immediately  succeeded  by  the  black 
shale  and  limestones  which  represent  the  Pendleside  Series  in 
North  Wales.  We  should  expect  a  careful  examination  of  these 
cherts  to  yield  Kadiolarians  similar  to  those  which  occur  in  the 
Culm  Series  of  North  Devon,  which  are  probably  of  the  same  age. 

Just  as  the  oncoming  of  the  deposit  of  the  thick  mass  of  Car- 
boniferous Limestone  was  gradual  and  gave  rise  to  local  differences 
in  the  deposit,  so  the  commencement  of  the  deposition  of  the  thick 
shale  series,  the  substitution  of  a  detrital  for  a  purely  organic  deposit, 
produced  divergences  which  have  made  correlation  somewhat 
obscure.      One   fact,   however,   seems   to   become   more  and  more 
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firmly  established,  that  is  to  say,  the  cherty  deposits  of  North 
Yorkshire  at  the  top  of  the  Yoredale  Series,  the  cherts  of  the  iSykes 
in  the  Trough  of  Bolland,  North  Staffordshire,  Darhysliire,  the 
rotten -stones  of  Qlaniorgan,  and  the  cherts  of  Codden  Hill.  Devon- 
shire, appear  from  palsdontological  evidence  to  he  homotaxial  and 
contemporaneous.  These  cherts  sucKseed  beds  with  a  ViH6an,  or,  to 
be  more  precise,  an  Upper  Dihunophyllnm  fauna,  and  in  every  case 
except  that  of  North  Yorkshire  (near  Ley  burn)  are  succeeded  by 
the  Po»idonomya  Becheri  beds  of  the  Pendleside  Series.  In  North 
Yorkshire  it  is  known  that  P.  Becheri  beds  are  absent,  this  deposit 
never  having  been  found  hitherto  in  such  high  latitudes.  We  do 
not  propose  to  discuss  here  the  origin  of  the  North  Wales  cherts. 
It  is  sufficient  for  our  purpose  to  say  that  tliH  cherts  themHelves  are 
finely  and  regularly  stratified,  that  the  quantity  of  chert  varies  from 
a  high  percentage  to  a  small  one.  that  the  limestones  below  the 
chert  are  largely  impregnated  with  this  mineral,  and  probably  the 
chert  is  a  replacement  mineral. 

At  the  inlier  of  Carboniferous  Limestone  at  the  Sykes  in  the 
Trough  of  Bolland  massive  cherts,  most  closely  resembling  those  of 
North  Wales,  lie  on  the  top  of  the  upper  beds  of  the  Carboniferous 
Limestone,  and  are  succeeded  by  black  shales  of  the  Pendleside 
Series.  We  are  not  aware  that  a  oherty  deposit  occurs  to  that  extent 
anywhere  else  in  that  district,  but  chert  \h  present  on  the  top  of  the 
inlier  at  Withgill.  At  Pendle  Hill  the  Pendleside  Limestone 
contains  numerous  strings  and  nodules  of  chert.  These  are  of  course 
higher  up  in  the  series.  At  the  Sykes  the  beds  are  remarkably 
unfossiliferous,  but  we  obtained  sufficient  evidence  to  demonstrate 
that  the  limestones  belong  to  the  Upper  Dibunophyllum  zones. 

In  North  Derbyshire  remains  of  a  large  deposit  of  chert  are  to  be 
seen  near  Pindale,  east  of  Castleton,  but  on  the  western  flank  of  the 
Staffordshire-Derbyshire  inlier  chert  is  very  irregular  in  its 
oocarrence.  It  is,  however,  present  at  Mixon  below  beds  with 
PoBtdonomya  Becheri,  and  in  beds,  as  strings  and  nodules,  containing 
Oyathaxonia  and  Amplexi-zaphrentis  at  Warslow,  and  as  a  cherty 
limestone  on  the  eastern  flank  of  Thorpe  Cloud.  On  the  eastern 
fiank  of  the  Pennines  massive  chert  occurs  at  Bake  well  at  the  top 
of  the  Carboniferous  Limestone  and  above  the  Cyathaxonia  beds,  in 
which  the  black  marble  of  Ashford  occurs,  this  Black  Limestone 
probably  being  on  the  same  horizon  as  the  '  Aberdo '  Black  Limestone 
of  North  Wales. 

In  South  Wales  the  Black  Limestones  of  Oystermouth  Castle 
contain  AmpUxi'ZaphrentiSy  and  are  the  representatives  of  the 
Cyathaxonia  zone  in  South  Wales.  These  beds  are  in  turn  succeeded 
by  the  rotten-stone  beds  of  Bishopton,  evidently  decomposed  cherts, 
the  equivalents  of  the  Flintshire  cherts. 

At  Bishopton  the  rotten-stones  are  succeeded  by  a  black  shale 
series  which  has  a  limited  but  definite  Pendleside  fauna,  Posidoniella 
lavie  and  Olyphiocerai  bilingue, 

[It  is  necessary  to  inquire  as  to  what  beds,  if  any,  are  the 
representatives  of  the  cherts  in  those  parts  of  North  Wales  where 
they  do  not  ocoar.     The  question  is  one  that  can  only  be  solved  by 
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palsdontology.  Wherever  the  cherts  are  present  in  North  Wales  in 
sequence  we  find  that  they  rest  on  limestones  with  the  Cf^atkaxowa 
fanna,  that  is,  the  uppermost  part  of  the  Dihunophyllum  zone.  Thera 
are  three  sections  in  North  Wales  which  show  this  sequence ;  the 
most  easterly  is  in  the  road  from  Brynford  to  Holywell,  where 
oherts  are  seen  to  rest  on  whitish  limestones  of  the  Cyatkaxmda 
heds,  to  he  succeeded  hy  hlaok  shales  and  limestones  of  the  Pendle- 
side  Series  with  a  typical  fauna.  Here  the  cherts  are  prohahly  not 
more  than  30  to  40  feet  thick.  Further  west,  about  one  mile  north- 
west of  Holywell,  is  the  section  at  the  Grange  Quarry,  Holloway. 
Here  there  is  the  following  succession  {vide  anie,  pp.  894-395)  : — 

Cherts  with  a  band  of  (?)  crushed  chert. 
Shales  with  Fondonomya  membrtmmetm. 
Cherts,  25  feet ;  AeroUpii  SopkinH. 
Aberdo  Limesiones  {Oyathaxonia  beds). 


Upper  JHbunophffttum  beds. 


Fio.  5. — Grange  Quarry,  Holloway.    See  also  Fig.  1  (xrii). 

That  is  to  say,  shales  with  a  Pendleside  fauna  appear  hetween  two 
chert  series. 

The  quarry  at  Trelogan,  four  miles  further  north-west,  shows  the 
same  sequence.  At  Pentre,  near  Oronant,  and  Talacre  the  chert 
beds  are  very  thick,  much  more  evenly  bedded  than  the  beds  further 
Bouth-east,  and  it  is  not  apparent  on  what  beds  they  rest,  but  we 
collected  in  the  cherts  Productua  longispiuus,  P,  punctntu§t  and  a  spinose 
form.  At  these  places  the  oherts  are  succeeded  by  black  calcareous 
shales  with  a  Pendleside  fauna.  At  Waenbrodlas  the  cherts  succeed 
the  Cyaihaxonia  beds,  and  there  is  no  black  shale  series  intercalated 
in  them.  In  the  upper  decomposed  cherts  we  collected  the  fauna, 
p.  396  (xix),  which  has  a  distinctly  Upper  Carboniferous  Limestone 
character,  rather  than  a  Pendleside  tacies.  The  fish  are  certainly 
Lower  Carboniferous  forms.  South  of  Waenbrodlas,  about  ten  miles, 
is  a  chert  quarry  at  Pant-y-Terwyn,  resting  on  the  calcareous  pebbly 
grit  of  Graianryd,  which  we  think  represents  the  Cyathaxonia  beds. 

So  far,  then,  whenever  the  chert  beds  occur  they  rest  on  the 
Cyathaxonia  beds  of  the  limestone,  and  the  fauna,  sparse  though  it 
be,  has  a  Carboniferous  Limestone  facies;  but  when  we  examine  the 
sequence  in  the  neighbourhood  of  Prestatyn,  Gwaenysgor,  and  Teilia 
we  find  that  its  lithological  character  is  completely  changed. 

Kesting  apparently  conformably  on  the  Cyathaxonia  beds  are 
some  70  fe^t  of  dark  limestones  of  peculiar  cliaracter,  different  in 
numerous  details  (vide  ante,  p.  451)  from  the  dark  limestones  of 
Aberdo  character,  which  it  must  be  rememhered  also  contain  a 
Cyathaxonia  fauna.  The  limestones  are  seen  at  Teilia,  Gwaenysgor, 
and  the  hill  above  Prestatyn.  The  fauna  and  flora  of  these  lime- 
stones  at  once  fixes  their  horizon  to  be  the  base  of  the  Pendleside 
Series,  and  we  find  the  limestones  occupy iug  the  same  relation  to 
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the  Cffaihaxonia  beds  that  we  do  in  various  localities  in  North 
Staffordshire,  Derbyshire,  and  Yorkshire,  i.e.  limestones  and  shales 
with  PoMidonomtfa  Beekeri  and  PterinopeeUn  papyraeeua  snoceed  beds 
with  Cyathaxonia  fauna.  Here,  then,  the  cherts  do  not  suooeed  the 
Cfathaxonia  limestones.  Apparently  there  is  no  unconformity. 
The  sections  at  Teilia,  the  hill  above  Prestatyn,  and  Lady  McLaren's 
Qoarry  opposite  Nant  Hall  seem  to  point  to  the  sequence  being 
perfectly  normal.  It  must  be  admitted  that  the  Poaidonomffa  Becheri 
limestones  near  Prestatyn  are  far  less  carbonaceous  than  beds  with 
a  similar  fauna  which  succeed  the  cherts  further  east,  and  that 
P.  Beeheri  itself  is  much  rarer  near  Holywell  than  it  is  at  Prestatyn. 

Three  solutions,  neither  of  which  are  absolutely  satisfactory,  offer 
themselves  to  this  question.  One  that  the  cherts  near  Holywell  are 
the  horootaxial  equivalents  of  the  P.  Beeheri  limestones.  Another, 
that  the  cherts  have  Wen  cut  out  by  an  unconformity  or  some 
result  of  earth  movements. 

In  favour  of  the  first  view :  The  cherts  and  P,  Beeheri  beds  rest 
everywhere,  apparently  conformably,  on  the  Cyathaxonia  beds  of 
the  Upper  Dibunophyilum  sone.  Where  cherts  are  present  the 
Pendleside  Series  is  characterised  by  black  shaly  limestones,  which 
always  succeed  them.  That  the  limestones  and  chert  beds  are  both 
thin-bedded  and  the  beds  very  finely  stratified.  That  plant-remains 
have  been  obtained  from  the  base  of  the  cherts. 

On  the  other  hand,  the  typical  Pendleside  fauna  has  not  been 
obtained  from  the  cherts,  but  the  fauna  they  do  contain  indicates 
*a  somewhat  lower  horizon. 

If  the  north  flank  of  the  hill  be  followed  from  Prestatyn  eastwards 
to  Lady  McLaren's  Quarry  the  section  given  on  p.  451  is  seen. 
These  beds  rest  on  Cyathaxonia  limestones,  which  are  exposed 
a  few  yards  further  west  Continuing  eastward  along  the  hill,  the 
outcrop  of  the  Po$idonomya  Beeheri  limestones  is  seen  as  far  as 
Top  Nant  Farm.  East  of  this  farm  is  a  shallow  pit,  from  which 
similar  limestones  were  obtained.  Some  200  yards  south  of  this  pit 
is  another  shallow  excavation  which  shows  chert  debris,  and  in 
such  condition  and  quantity  as  to  indicate  the  broken  up  bed  of 
chert.  No  junction  is  seen,  but  it  would  seem  that  a  bed  of  chert 
may  here  overlie  P.  Beeheri  limestones.  The  general  dip  of  the 
beds  is  north-east,  and  this  outcrop  of  chert  is  about  470  feet 
above  O.D.  The  next  most  easterly  exposure  of  chert  is  a  quarter 
of  a  mile  away  in  a  dingle  west  of  the  road  over  the  hill  to  Teilia 
and  Gwaenysgor.  This  is  in  the  200  feet  contour,  aud  the  beds  are 
dipping  very  highly  and  evidently  near  a  fault. 

For  the  present,  then,  the  precise  reason  for  the  absence  of  the 
cherts  immediately  in  succession  of  the  Cyathaxonia  beds  is  not 
apparent,  and  it  is  possible  that  they  are  the  honiotaxial  equivalents 
of  the  Posidonomya  Beeheri  limestones. 

The  diflSoulty  of  correlation  has  been  enhanced  by  the  unfortunate 
assumption  that  Black  Limestones  were  all  on  the  same  horizon. 
There  are  no  less  than  three  series  of  Black  Limestones  each  with 
a  definite  fauna:  the  Black  Limestones  of  the  Holywell  shales  and 
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Teilia  Beds  with  P.  Beeherit  the  Blaok  Limestones  (Aberdo)  of 
Holloway  and  Trelogan  with  Cyathaxoniaf  and  the  Black  Lime- 
stones  of  Prestatyn  with  Zaphrentis  aff.  JSnniBkilleni.  Probably  the 
latter  two  are  nearly  on  the  same  horizon,  and  both  mast  be 
included  in  the  Qpper  Dibunophyllum  zone.  This  Zaphrentoid  coral 
has  occurred  in  the  same  zone  at  Bradbourne,  Derbyshire,  and 
Bush,  00.  Dublin.  There  is  no  doubt  that  the  cherts  overlie  the 
lower  set  of  Black  Limestones,  but  it  is  their  relation  to  the 
Fosidonomya  'Becherx  limestones  which  has  been  questioned.  The 
idea  that  the  cherts  are  the  homotaxial  equivalents  of  the  Millstone 
Grit  is  obviously  untenable  on  palseontological  grounds,  the  more  so 
if  P.  Becheri  beds  occur  above  them. 

The  third  solution  of  the  question  is  that  the  chert  beds  occur  at 
different  horizons  in  the  series  at  different  localities,  that  they  are 
higher  at  Pentre  and  near  Gronant  than  they  are  near  Holywell, 
Trelogan,  and  Waenbrodlas.  We  know  that  cherts  occur  at  many 
horizons  in  the  Upper  IHbunophyllum  beds  of  Derbyshire,  both  in 
and  below  the  Oyathaxonia  zone.  It  is  of  the  utmost  importance 
that  the  junction  of  the  Cyathaaconia  beds  and  the  PoBidonomya  beds 
should  be  recognised  and  mapped,  because  the  junction  is  the 
division  between  the  Upper  and  Lower  Carboniferous  Series  in  the 
Midlands.  At  this  point  the  great  faunal  change  takes  place,  at 
this  point  the  new  fauna  comes  in,  and  moreover  the  faunal  change 
corresponds  with  well-marked  change  in  lithologioal  characters, 
provided  that  the  mere  colour  (black)  is  not  allowed  to  cause 
confusion  of  limestones  on  two  distinct  horizons.]  ' 

6.   The  Pendlbsidb  Sbbies. 

In  the  neighbourhood  of  Prestatyn  and  Holywell  the  Pendleside 
Series  is  well  represented,  typical  fossils,  flora  and  fauna,  being 
common.  Immediately  above  the  cherts  are  peculiar  black  lime- 
stones of  definite  character  (vide  ante,  pp.  450,  454),  which  are  exactly 
similar  to  those  found  in  the  lower  part  of  the  Pendleside  Series 
anywhere  in  the  Pennine  area. 

We  have  not  yet  found  the  lowest  zonal  fossil  of  this  series, 
Prolecanites  compressuSf  in  North  Wales,  except  possibly  at  Teilia. 
Posidonomya  membranaceaf  l\  Becheri,  and  Pterinopecten  paftyraceus 
are  abundant  in  many  localities.  The  first  two  species  may  be 
considered  as  absolutely  characteristic  of  this  horizon,  having  never 
yet  been  found  in  higher  beds. 

At  Teilia  Quarry  the  following  plants  have  been  obtained,  and 
Mr.  Kidston  gives  the  following  list,  op.  supra  cit.  A  fine  collection 
is  in  the  Qrosvenor  Museum,  Chester,  and  we  owe  our  thanks  to 
Mr.  A.  Newstead,  the  Curator,  for  an  examination  of  the  specimens. 

*Adiantite9  antiguM.  S.  affini*, 

SphenopterU  Teiliana.  Rhacopterii  glabellata, 

*S.  Bubgeniculata,  H,  inequilatera. 

S,  striata,  P  Archeopteri*  sp. 

*S.  pachyrachis.  * Asterocalamitft  serobiculatus, 

*  ,,  Tar.  9tenophylla,  Lepidophloiot  sp. 

?S,  Sehlebani, 

Thoee  species  marked  bj  an  *  hare  been  obtained  from  beds  containing  the  same 
fauna  at  Poolyash,  Isle  of  Man,  Pendle  Hill,  and  North  Staifordshire. 
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The  number  of  specimens  found  in  various  localities  is  remarkable 
irhen  the  marine  character  of  the  de{>()8it  is  considered.  The 
presence  of  drifted  plants  at  any  place  must  be  purely  due  to 
Burrents  and  the  proximity  of  land. 

There  can  l>e  no  doubt,  then,  that  the  palaaontological  evidence 
definitely  correlates  the  Teilin  Beds  with  the  lower  part  of  the 
Pendleside  Series  of  the  Midlands  and  the  Posidonomya  Becheri  beds 
of  the  Culm.  Between  Holywell  and  Ba^illt  the  shaley  division 
of  the  series  is  well  developed  and  reaches  a  normal  thickness. 
The  beds  are  difficult  to  examine  in  detail,  but  we  know  that  the 
peculiar  mutation  of  Produetus  Cora  which  characterises  beds  of  this 
horizon  elsewhere  is  present  in  abundance  {vide  ante,  p.  454). 

From  Holywell  south  the  black  shale  series  are  only  occasionally 
exposed,  as  they  occupy  the  flat  country  east  of  the  limestone 
Bsoarpment. 

In  the  ravine  of  Nant  Fi^illt  Wood,  shales  with  lAngvXa  and 
obscure  fish  -  remains  appear  to  succeed  limestones  containing 
Amplexi'Zaphrenlis  and  Oyathaxonia,  and  the  brick-pits  near  Hendre 
l^ve  a  dark  earthy  limestone  crowded  with  Posidoniella  lavis, 
QljfphioeeraB  reticu/adim,  and  Dimorphoceraa  Qilhertsoni,  so  that  here 
we  get  evidence  of  a  zone  of  the  Pendleside  Series  much  higher  in 
the  succession  than  the  Posidonomya  Becheri  beds,  which  corres|)onds 
to  the  black  fossiliferous  limestones  of  Horsebridge  Clough,  High 
Qreen  Wood,  near  Hebdeii  Bridge.  South  of  Hendre  exposures 
of  the  shale  series  are  very  few.  The  Survey  mentions  the 
ooourrence  of  Posidonomya  and  Qoniaiiies  in  shale  with  cement 
itones  in  the  River  Terrig.  some  miles  further  south.  It  is  to  be 
regretted  that  the  species  were  not  determined. 

All  through  the  Midlands  and  North  Wales  the  southern  limit  of 
the  Pendleside  Series  is  marked  by  a  very  rapid  thinning-out,  and  it 
it  rather  singular  that  this  practically  coincides  with  a  latitude  of 
53°  N.  The  following  table  illuHtrates  the  remarkable  variation  of 
thickness  in  these  beds  that  takes  place  within  about  ten  minutes 
of  latitude : — 

Localltj. 

Holywell,  Co.  Flint         

Near  Buxton,  Co.  Derby 

Morridge,  Co.  Stafford     

Llangollen,  Co.  Denbigh 

Lilleshall,  Co.  Salop         

Ticknall  and  Grace  Dieu,  Co.  Leicester  ... 

It  is  interesting,  therefore,  to  note  in  this  particular  also  the 
intimate  relation  of  the  North  Wales  development  of  the  Pendleside 
Series  with  the  larger  Pennine  area. 

7.   Notes  on  the  Paljeontology. 

Daviesiella  (Produetus)  Llangollensis,  Davidson,  sp.  Waagen 
(Mem.  Geol.  Surv.  India :  Palsdontologica  Indica,  ser.  xiii,  vol.  i, 
No.  iv,  p.  613)  says :  *'I  create  this  genus  for  the  reception  of  such 
forms  as  Produetus  HangoUensis  and  Chonetes  comoides,  Sow.,  which 


Latitude  N. 

63°  16'  20" 
63°  16'     0" 
63°     T    0" 

Thickness,  feet. 

1000 

(about)  1000 

1000 

62°  68'     0" 
52°  44'  40" 
62°  48'     0" 

18-50 

absent 

30  to  40 
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are  characterised  by  cardinal  teeth  and  a  seoond  pair  of  adductor 
impressions  in  the  ventral  valve.  The  other  characters  are  like 
those  of  Productus.** 

He  has  omitted  two  very  important  characters  which  are  present 
in  the  former  species.  These  are  a  well-marked  area  and  a  hollow 
beneath  the  beak  of  the  brachial  valve,  two  characters  which  in 
addition  separate  the  species  from  Produetus.  The  extraordinary 
thickness  of  the  brachial  valve  of  this  species  is  very  remarkable, 
reaching  in  some  cases  to  one  inch. 

ProducUis  giganteus.  A  good  deal  of  detailed  work  requires  to  be 
done  on  the  shells  which  come  under  this  group  name.  It  is 
questionable  whether  all  really,  sensu  stricio,  can  come  into  the 
genus  Produetus.  In  some  specimens  there  is  a  distinct  area  and 
other  characters  which  point  rather  to  an  affinity  with  Chonetes. 
We  have  mentioned  in  the  text  that  the  group  which  we  temporarily 
allude  to  as  P.  giganteus  lived  together,  and  that  the  variant  forms 
or  mutations  have  no  value  as  an  index  of  time. 

Producius  antiquatus,  A  very  elegant  reticulate  form  belonging 
to  this  genus  is  not  uncommon  throughout  the  DibunopkifUum  sona 
of  North  Wales.  We  know  it  from  the  Midlands  at  the  same 
horizon.  It  is  distinct  enough  to  deserve  a  specific  name,  which 
will  doubtless  be  given  to  it  when  the  genus  is  revised. 

Produetus  Cora,  We  have  retained  this  name  for  the  present,  on 
the  statement  of  de  Eoninck  that  D*Orbigny*s  type  from  Bolivia  was 
identical  with  the  Belgian  species,  although  neither  the  original 
description  nor  figure  is  good. 

The  careful  search  for  fossils  in  the  North  Welsh  Carboniferous 
rocks  has  yielded  no  new  forms,  but  certain  details  of  the  fauna  are 
worth  recording. 

In  the  limestone  the  number  of  species  of  each  group  of  organisms, 
except  the  corals,  is  much  less  than  are  present  at  the  same  horizons 
in  the  Derbyshire  and  Stafi^ord  shire  inlier  of  Carboniferous  Limestone. 
Of  the  Mollusea  the  CVphalopoda  are  only  represented  by  about 
half  a  dozen  species,  an<l  individuals  are  extremely  rare.  Both 
Gasteropods  and  Laraellibranchs  are  comparatively  as  rare  as  the 
Ceplialopods.  Morton  quotes  about  30  of  each  family.  The 
Brachiopoda.  as  mi^ht  be  expected,  are.  more  common,  and  are 
represented  by  about  50  species.  In  this  group  individuals  are 
frequent,  but  not  so  common  as  in  the  Midlands. 

The  only  species  which  occurs  in  North  Wales  and  has  not  yet 
been  found  in  North  Staffordshire  or  Derbyshire  is  Allorifma  maxima, 
Portl.,  sp.,  the  Sangmnolites  clava  of  Morton's  list.  In  the  paucity 
of  species  and  individuals  North  Wales  agrees  with  the  Bristol- 
Mend  ip  area.     Conditions,  therefore,  must  have  been  very  similar. 

P.  memhrnnncea  has  a  very  limited  vertical,  but  a  wide  horizontal, 
range.  It  is  always  found  in  black  shale  or  dark  limestone 
immediately  succeeding  beds  with  a  Visean  fauna.  It  has  been 
found  in  this  position  from  the  west  coast  of  County  Clare  to  Clavier 
in  Belgium,  and  it  must  therefore  be  regarded  as  a  definite  zonal 
index  of  the  lower  part  of  the  Pendleside  Series. 
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8.   Summary. 

Id  ooncIusioD,  the  main  reBults  of  our  researches  in  the  Lower 
Garboniferoat  rooks  of  North  Wales  may  be  epitomised  as  follows : — 

1.  The  classifioation  of  these  rocks  here  given  is  absolutely  based 
on  palsBontological  data :  it  has  been  shown  that  all  the  errors  in 
preTions  work  can  be  traced  to  the  subordination  of  palaeontology 
to  the  litholog^ioal  features  of  the  strata. 

2.  The  sequence  exhibited  in  the  area  under  examination  is 
perfectly  normal  to  that  obtaining  in  other  areas  of  the  North 
Midlands,  which  afforded  the  key  to  the  simple  explanation  of  the 
succession  in  this  district.  For  the  purposes  of  correlation  the 
perfection  of  the  geological  record  has  exceeded  our  most  sanguine 
expectations. 

3.  The  Holywell  shales  have  been  proved  to  be  the  equivalents, 
lithologically  and  palsdontologioally,  of  the  Pendleside  Series. 

4.  The  lower  series  of  the  Carboniferous  Limestone  as  developed 
in  the  Bristol  area  was  never  deposited  in  these  parts,  whose  lowest 
beds  are  ohnraoteristic  of  a  comparatively  late  phase  of  the  Car- 
boniferous Limestone  period.  Whether  this  was  altogether  due  to 
irregular  configuration  of  the  ocean  floor  of  that  ago»  or  to  con- 
temporaneous earth-movement  of  a  specially  regional  character,  it  is 
much  too  soon  as  yet  to  argue  with  assurance. 

Our  thanks  are  largely  due  to  Dr.  A.  Vaughan,  who  has  kindly 
looked  over  a  large  number  of  Corals  and  Braohiopods  and  compared 
tbem  with  the  forms  occurring  in  the  upper  portion  of  the  Bristol 
Carboniferous  area.  We  also  have  to  thank  Dr.  A.  Smith  Woodward 
and  Mr.  R.  Kidston  for  the  determination  of  some  fossil  fish-  and 
plant-remains. 
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IV. — Thb  Zones  of  tub  Lower  Chalk. 
By  A.  J.  Jukbs-Brownb,  B.A.,  F.G.S. 

N  the  September  number  of  this  Magazine  Mr.  T.  O.  Bosworth 
raises  some  questions  with  regard  to  the  zoning  of  the  Lower 
Chalk  in  general,  and  of  Cainbrid^esliire  in  particular.  As  I  am 
responsible  for  the  subdivision  of  the  Lower  Chalk  of  this  country 
into  zones  I  suppose  the  matter  concerns  me  more  than  anyone  else. 

The  two  main  questions  raiseil  by  Mr.  Bosworth  are  (I)  the  zonal 
position  of  the  Totternhoe  Stone,  (2)  the  propriety  of  using  Holnster 
Bubglobosua  as  an  index  for  the  higher  zone.  He  may  be  sure  that 
both  these  points  were  fully  considered  by  me  when  compiling  the 
account  of  the  Lower  Chalk  for  the  Geological  Survey  Memoir  on 
Cretaceous  Rocks,  and  lie  is  probably  aware  that  the  second  point 
was  discussed  in  the  second  volume  of  that  Memoir  (chapter  ii,  p.  17). 

With  respect  to  the  Totternlioe  Stone,  Mr.  Bosworth  should  explain 
why  he  uses  the  term  **  Bur  well  liock  " ;  this  name  may  be  current 
at  Cambridge,  but  it  cannot  supplant  the  older  name  of  Totternhoe 
Stone,  and  his  own  diagrams  show  that  he  accepts  the  identity  of 
the  stone  beds  at  Totternhoe  and  Biirwell. 
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Next  as  regards  the  zonal  position  of  the  Totternhoe  Stone.  The 
reasons  for  placing  it  in  the  higher  rather  than  in  the  lower  zone 
were  stronger  than  he  imagines  them  to  have  been.  If  he  had 
referred  to  my  first  paper  on  "  The  Subdivisions  of  the  Chalk  **  *  he 
would  have  found  that  under  the  head  of  Totternhoe  Stone  a  special 
point  was  made  of  the  occurrence  of  a  nodule  bed  at  its  base,  and 
attention  was  drawn  to  certain  fossils  as  characteristic  of  the  stone. 
The  reasons  which  weighed  with  me  when  compiling  the  General 
Memoir  were  the  following : — 

1.  The  frequent  signs  of  current  erosion  at  or  near  its  base,  and 
the  change  of  physical  conditions  thus  indicated. 

2.  The  presence  of  certain  fossils  which  are  generally  ^characteristic 
of  higher  beds  and  are  rarely  or  never  present  in  the  Chalk  Marl  of 
those  counties  in  which  the  Totternhoe  Stone  is  typically  developed. 
The  chief  of  these  are  Acanthoceras  rotomagen$i$f  A,  cenomanensiSf 
Maploceras  Austeniy  Actinocamax  lanceolatus,  Pecten  Beavert, 
P,  elongaiua,  P.  fissicoHta,  Lima  echinata,  Unoploclytia  Imagei,  and 
more  rarely  Holaster  subglobosm, 

3.  The  fact  that  the  stone  passes  upward  into  the  overlying  chalk 
without  any  sign  of  physical  change. 

Mr  Bosworth  has  a  curious  method  of  estimating  the  affinities  of 
a  fauna,  for  he  does  not  deal  with  the  actual  fauna  of  the  Totternhoe 
Stone,  but  takes  the  fossil  assemblages  in  the  beds  lielow  and  above 
it,  and  calculates  how  many  species  of  each  occur  also  in  the 
intermediate  band.  This  is  certainly  not  the  usual  way,  and  can 
only  be  interesting  as  throwing  a  kind  of  sidelight  on  the  subject, 
and  this  only  when  the  comparison  is  fairly  made.  With  this  object 
Beptilia  should  be  excluded,  seeing  that  none  occur  either  in  the 
Chalk  Marl  or  in  the  Totternhoe  Stone  of  Cambridgeshire. 

When  only  the  same  classes  of  animals  are  allowed  to  enter  into 
the  comparison  the  results  are  different  from  those  given  by 
Mr.  Bosworth.  The  proportion  of  Chalk  Marl  species  which  range 
up  is  the  same,  namely  92  per  cent.,  but  the  proportion  of  the  species 
ranging  down  from  the  higher  beds  into  the  Totternlioe  Stone  is  33 
out  of  42,  i.e.,  78  per  cent,  instead  of  only  67. 

If,  however,  the  usual  and  more  rational  method  is  employed,  and 
a  larger  area  is  included  by  taking  in  the  lists  from  the  counties  of 
Bedford  and  Hertford,  where  the  Totternhoe  Stone  is  typically 
developed,  we  shall  certainly  get  a  more  reliable  estimate  of  the 
relations  of  the  fauna  of  that  stone  to  those  of  the  beds  above  and 
below.  Excluding  reptiles  but  including  fish  the  fauna  of  the 
Totternhoe  Stone  (as  recorded  in  the  General  Memoir)  comprises 
96  species  ;  of  these  only  23  range  downward  into  the  Chalk  Marl 
of  the  counties  mentioned,  while  no  fewer  than  45  range  up  into 
the  overlying  beds  ^ ;  in  other  words,  twice  as  many  range  upward 
as  downward,  and  the  natural  conclusion  is  that  the  fauna  of  the 

1  Geol.  Mao.,  Dec.  II,  Vol.  VII  (1880),  p.  251. 

'  This  number  includes  those  recorded  by  Mr.  Bosworth,  but  omits  three 
Cephalopoda  which  hare  onlj  been  found  at  Orwell  in  a  quarry  which  may  or  may 
not  be  above  the  Totternhoe  Stone. 
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Tottemhoe  Stone  has  muoh  more  affinity  with  the  beds  above  than 
with  the  beds  below. 

I  record  this  resalt  as  an  answer  to  Mr.  Bosworth*s  peculiar  tnode 
of  dealing  with  the  matter,  but  I  do  not  wish  to  lay  muoh  stress  on 
the  argument,  for  I  regard  mere  percentages  as  deceptive  and 
unsatisfactory  tests,  unless  the  abundance  of  characteristic  species 
18  taken  into  account.  I  am  quite  disposed  to  give  due  weight  to 
the  fact  that  Sehlanbachia  varians,  Scaphitei  aqualii,  and  several 
species  of  Turrilites,  which  are  important  members  of  the  southern 
Chalk  Marl  fjAuna,  occur  also  in  the  Totternhoe  Stone.  Indeed, 
I  regard  this  stone  as  a  band  of  rock  developed  at  the  junction  of 
the  two  zones  at  a  time  when  some  species  were  dying  out  and 
when  others  were  coming  in,  so  that  it  might  with  equally  good 
reason  be  placed  in  either  zone. 

I  have  stated  the  reasons  which  originally  induced  me  to  regard 
it  as  the  base  of  the  higher  zone,  and  I  do  not  see  that  any  clearer 
idea  of  its  real  position  as  a  passage  bed  would  be  gained  by  trans- 
ferring it  to  the  zone  of  Ammonites  varians.  My  own  feeling  is  that 
the  matter  had  best  be  left  where  it  stands  until  a  larger  body  of 
evidence  has  been  obtained. 

I  have  next  to  deal  with  Mr.  Bosworth's  statements  regarding  the 
recorded  occurrences  of  Hohnter  subghbosus  and  H.  treeensis,  some 
of  which  are  certainly  incorrect,  while  others  require  confirmation. 

He  states  that  H,  stdfglobosus  is  nearly  as  common  in  the  zone 
of  A.  varians  as  in  the  beds  above  throughout  Hampshire,  Wiltshire, 
Isle  of  Wight,  Sussex,  and  Kent  I  So  far  as  I  know  this  is  only 
true  of  the  Isle  of  Wight,  and  the  rest  of  the  statement  absolutely 
contradicts  that  made  by  me  in  the  General  Memoir  above  mentioned 
(vol.  ii,  p.  17).  It  IS  true  that  Man  tell  recorded  H,  subglobosus  from 
Middleham,  Mad^^ock  found  it  in  the  Chalk  Marl  of  Eastbourne,  and 
Etheridge  in  that  of  Folkestone,  but  so  far  as  I  know  these  records 
have  not  been  confirmed  by  later  collectors.  On  the  other  hand, 
this  urchin  is  a  common  fosHJl  in  the  central  part  of  the  Lower 
Chalk  throughout  Kent  and  Surrey,  as  well  as  at  Lewes  and 
Eastbourne  in  Sussex.  If  Mr.  Bosworth  has  any  special  information 
abuut  the  distribution  of  this  fossil  in  the  counties  mentiotied  he 
should  publish  it. 

Again,  I  am  obliged  to  contradict  bis  statement  that  H,  subglobosus 
is  a  rare  fossil  above  the  Totternhoe  Stone  in  Lincolnshire  and 
Yorkshire.  Such  an  idea  can  only  he  due  to  careless  reading  of  the 
records  and  descriptions  given  by  Mr.  W.  Hill  and  myself.  In  the 
General  Memoir  (vol.  ii,  p.  20)  I  wrote :  "  Holaster  subglobosus  is 
not  uncommon  in  these  beds  both  in  Yorkshire  and  Lincolnshire, 
but  it  is  equally  common  in  the  zone  of  ^m.  varians^  so  that  it  will  be 
more  convenient  to  take  Offaster  spharicus  as  the  index  of  the  zone 
in  these  counties." 

With  respect  to  IT.  trecensis  I  shall  be  glad  to  know  on  what 
authority  Mr.  Bosworth  asserts  that  in  Dorset  and  Devon  this 
species  "  is  plentiful  in  the  beds  above  the  A,  varians  zone,  .  .  . 
is  almost  confined  to  the  zone  and  could  well  be  used  as  the  zone 


510  A.  J,  Jukes'Browne — Zones  of  Lower  Chalk, 

fossil."  So  far  as  my  experience  goes  it  is  not  plentiful  in  either 
zone,  but  is  occasionally  to  be  found  in  Dorset  near  the  base  of  the 
A.  varians  zone  and  near  the  top  of  the  H,  8uhglobo8u§  zone.  As 
regards  Devon  I  am  at  a  loss  to  know  what  he  means  I 

Mr.  Bos  worth  also  states  that  ff.  trecemU  **  is  common  throughout 
the  [upper]  zone  in  Hants,  Sussex,  Kent,  and  the  Isle  of  Wight** 
He  writes  as  if  this  was  a  well-known  fact  or  could  easily  be  gathered 
from  a  perusal  of  the  Survey  Memoirs,  whereas  I  do  not  think  that 
any  such  statement  has  been  made  either  in  these  memoirs  or  in  any 
other  publication,  except  with  regard  to  the  Isle  of  Wight  In 
Sussex  it  would  seem  to  be  a  scarce  fossil,  for  I  was  not  able  to 
record  the  occurrence  of  a  single  specimen  from  the  zone  of 
S,  subglohosuB. 

The  only  satisfactory  and  useful  part  of  Mr.  Bos  worth's  article  is 
the  record  of  his  own  observations  near  Cambridge.  I  have  no 
reason  to  doubt  the  accuracy  of  these,  and  am  quite  ready  to  accept 
his  statement  that  H.  trecensis  is  more  abundant  than  woald  appear 
from  the  lists  in  the  Memoirs  of  the  Geological  Survey,  and  also  that 
it  occurs  chiefly  in  the  upper  half  of  the  zone,  while  H.  Bubglobomu 
occurs  more  abundantly  (if  not  exclusively)  in  the  lower  half. 

I  believe  that  the  same  distribution  of  these  two  species  prevails 
in  Hertfordshire,  Bedfordshire,  and  Buckinghamshire,  as  well  as  in 
Hampshire,  Surrey,  and  Kent  This  is  a  point  which  is  well  worth 
further  investigation,  and  if  their  relative  abundance  proved  to  be 
the  same  as  in  Cambridgeshire,  it  might  lead  to  the  establishment  of 
the  two  subzones  which  are  suggested  by  Mr.  Bosworth. 

I  do  not  think,  however,  that  his  proposal  to  substitute  the  term 
"  Lower  Holaster  zone  *'  for  the  zone  of  H.  subglobosus  will  meet  with 
acceptance.  There  are  several  obvious  objections  to  it  which  it  is 
hardly  necessary  to  specify,  and,  in  fact,  he  does  not  seem  satisfied 
with  it  himself,  for  in  the  table  with  which  his  article  concludes  it 
is  replaced  by  the  designation  of  *'Two  Holasters  zone."  He  might 
at  least  have  made  up  his  mind  to  use  one  or  the  other  and  not  both. 

I  am  quite  prepared  to  admit  that  H,  BubgloboBua  is  not  a  satisfactory 
index  to  the  zone,  but  the  real  question  is,  can  a  more  satisfsctory 
one  be  found  ? 

This  question  was  briefly  discussed  in  the  introductory  chapter  to 
the  second  volume  of  the  Memoir  on  Cretaceous  Bocks,  and  I  wrote 
that  '*  so  far  as  we  know  at  present  there  is  no  species  which  is 
restricted  to  the  upper  part  of  the  Lower  Chalk,  and  is  at  the  same 
time  common  enough  in  every  district  to  be  a  useful  index."  When 
preparing  that  memoir  I  hoped  that  ffaploceroB  Austeni  would  prove 
to  be  such  a  fossil,  for  though  it  is  not  very  common  it  would  have 
served  well  enough  if  its  range  had  been  limited  to  the  zone. 
Unfortunately,  however,  near  Lewes,  in  Sussex,  it  occurs  in  the 
zone  of  A,  varians  and  has  not  so  far  been  recorded  from  the  higher 
zone  in  that  county. 

Sharpe,  in  describing  his  Ammonites  Austeni,  states  that  it  is 
common  in  the  Quildford  district  of  Surrey,  but  no  one  has  yet 
ascertained  in  which  zone  it  there  occurs.     It  is  fairly  common  ia 
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the  zone  of  H,  subglohosw  of  WiltBhire  and  Berkshire,  but  has  not 
yet  been  reported  from  Hampshire,  Kent,  Inle  of  Wight,  Dorset, 
Oxfordshire,  Buckinghamshire,  or  Hertfordshire. 

With  regard  to  Acanthoceras  rotomagensia  it  cannot  be  regarded  as 
a  better  guide  than  JET.  subgloboaus,  for  in  many  of  the  southern 
counties  it  is  fairly  oommon  in  the  zone  of  A.  varianM.  North  of  the 
Thames,  however,  it  seems  to  be  restricted  to  the  higher  zone  until 
we  reach  Norfolk,  where  it  again  occurs  in  the  zone  of  J.  variaus,  as 
it  does  also  in  Yorkshire. 

There  remains  only  the  larger  form  of  Discoidea  eylindrtea,  a  species 
which  is  generally  much  more  common  in  the  upper  part  of  the 
Lower  Chalk  than  in  the  lower  part.  In  the  south  of  England  it 
has  only  been  recorded  from  the  zone  of  A,  vartans  in  Dorset  and 
Somerset,  and  by  Mantell  from  Hamsey  in  Sussex  (not  since 
confirmed).  It  is  indeed  a  common  fossil  of  the  lower  zone  in 
Yorkshire,  Lincolnshire,  ilind  Norfolk,  but  the  form  there  found  is 
the  depressed  variety,  and  if  any  constant  structural  differences  can 
be  foond  to  distinguish  this  variety  from  that  which  prevails  in  the 
higher  zone  the  latter  might  perhaps  be  utilised  as  an  index  for 
that  zone. 

To  sum  np,  therefore,  it  would  seem  that  our  knowledge  of  the 
distribution  of  the  fossils  of  the  Lower  Chalk  is  not  yet  suflSciently 
complete  to  enable  us  to  decide  on  any  substitute  for  U.  aubglobosiu 
as  an  index.  It  may  be  that  Raplocerag  AusUni  would  be  a  better 
one  in  spite  of  its  occasional  occurrence  lower  down,  or  it  may  be 
that  the  taller  hemispheric  variety  of  Discoidea  eylindrtea  will  be 
preferable.  More  information  is  required  about  both,  and  meantime 
I  am  sure  that  it  would  be  undesirable  to  make  any  alteration  in  the 
oarrent  nomehdatui-e,  and  I  do  not  think  that  the  terminology 
proposed  by  Mr.  Bosworth  would  at  any  time  be  an  improvement. 


v.— The  Sottbob  op  the  Waters  op  Getszbs. 

Bj  J.  Malcolm  Maclarbx,  B.Sc,  F.G.S., 
Geolog:ical  Surrey  of  India,  Calcutta. 

PROFESSOR  SUESS  has  somewhat  recently  stated  his  belief  that 
the  waters  of  all  geysers  and  boiling  *  pulsating'  springs  and 
of  some  mineral  springs  are  of  '  hypogene '  or  direct  magmatio 
origin  (Abstract  Geog.  Journ.,  vol.  xx,  p.  518).  1  am  unfortunately 
nnable  in  this  backwater  of  science  to  verify  the  abstract  by 
reference  to  the  original  (Gesell.  Deutsch.  Naturforsoher  und 
Aertze,  1902).  With  his  belief,  however,  several  prominent 
Continental  and  American  geologists  have  expressed  their  con- 
currence, and  some  have  indeed  amplified  the  hypothesis  to  cover  the 
origin  of  metalliferous  deposits  near  igneous  contacts.  For  example, 
W.  H.  Weed  (Trans.  Amer.  Inst.  M.E.,  vol.  xxxiii,  p.  746)  says : — 

"  I  hold  that  the  metallic  contents  of  such  veins  are  not  gathered 
by  ordinary  meteoric  water,  as  maintained  by  Van  Hise.  The  water 
content  of  the  sedimentary  rocks  (ground-water)  present  at  the  time 
of  eruption  was  expelled  by  contact- metamorphism.  The  ore- 
forming  solutions  were  in  part  of  direct  igneous  origin  (i.e.  primitive 
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or  igneogenous ;  the  geyser  waters  of  Iceland,  New  Zealand,  and 
the  Yellowstone  regions  are  probably  mainly  of  this  character,  as 
maintained  by  Suess) ;  these  primitive  hot  vapors  and  waters  rite 
and  penetrate  the  zone  of  circulating  meteoric  waters,  heating  the 
latter  and  charging  them  with  both  metallic  salts  and  with  flaorine, 
chlorine,  bromine,  and  other  mineralizing  agents." 

Recent  geyser  phenomena  in  New  Zealand  have  led  me  to  doubt 
more  than  ever  the  validity  of  this  inference  of  Suess.  New 
Zealand  contains  one  of  the  most  active  of  fumarolic  areas,  and, 
curiously  enough,  the  life-history  of  its  greatest  geyser — the  greatest 
also  that  the  world  has  yet  known — is  strikingly  illuminative  of 
the  subject  under  discussion.  For  confirmatory  details  of  the  history 
of  this  geyser  I  am  indebted  to  the  courtesy  of  Mr.  Ck>lin  Fraser,  of 
the  New  Zealand  Geological  Survey.  Waimangu  Geyser  was 
discovered  in  January,  1900,  but  it  had  doubtless  been  in  existence 
for  a  short  time  prior  to  that  date.  Its  basin  was  then  some  130 
feet  long  and  80  feet  wide,  at  ordinary  times  full  of  black  muddy 
water.  Although  it  played  almost  daily,  its  eruptions  were  most 
irregular  in  character,  sometimes  expending  their  energy  in  a  single 
outburst,  hurling  a  mass  of  water  estimated  at  800  tons  to 
a  maximum  height  of  1,500  feet,  at  other  times  playing  lightly  and 
intermittently  for  five  to  six  hours.  The  intervals  between 
eruptions  were  rarely  more  than  30  hours.  For  more  than  four 
years  after  its  discovery  Waimangu  was  in  active  eruption,  but 
during  July  and  August,  1904,  it  remained  quiescent  for  nearly  two 
months.  After  this  period  of  inactivity  it  recommenced  its  eruptions 
with  unabated  and  indeed  often  increased  energy,  and  so  continued 
until  3l8t  October,  1904,  when,  with  the  exception  of  a  feeble 
eruption  on  the  following  day,  it  ceased  spouting,  and"  now  remains 
dormant  or  is  extinct — a  flowing  pool  with  a  temperature  of  130°  F. 

The  modern  history  of  Tarawera  Lake,  four  miles  to  the  north- 
east of  Waimangu,  is  important  in  this  connection.  The  explosive 
eruption  of  Tarawera  Mountain  in  June,  1886,  threw  a  great  ash 
barrier  across  the  valley  which  formed  the  natural  outlet  for  the 
waters  of  Lake  Tarawera.  (For  a  graphic  description  of  this 
Tarawera  rift  area,  vide  Geog.  Journ.,  April,  1906.)  The  level  of 
the  lake  at  once  rose  some  28  feet,  and  after  some  time,  as  the 
outlets  through  the  at<h  harrier  became  choked  with  debris,  continued 
to  rise  still  further.  By  the  end  of  October,  1904,  the  waters  had 
risen  another  14  feet.  At  that  height  and  on  the  1st  November,  tkt 
day  on  tohirh  Waimangu  last  played,  the  waters  overtopped  the 
barrier.  On  the  following  day  the  level  of  the  lake  had  fallen  three 
feet,  and  on  the  Srd  November  the  barrier  was  carried  away.  The 
waters  of  the  lake  rushed  over  the  Tetauahape  escarpment  and 
escaped  by  an  old  channel  at  the  rate  of  more  than  a  million  and 
a  half  cubic  feet  per  minute,  forming,  for  the  few  days  they  lasted, 
a  stupendous  cataract.  The  level  of  the  lake  is  now  eleven  feet 
below  the  maximum  height  of  1904,  and  its  waters  now  escape  hy 
the  normal  subterranean  channels,  which  from  Maori  legends  are 
known  to  have  been  in  existence  for  centuries. 
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In  Waimangn  G^eyser  itself  there  has  been  no  reorudescence  since 
the  breaking  away  of  Lake  Tarawera,  and  in  the  immediate  vicinity 
there  has  been  one  oat  burst  only.  This  took  place  on  2l8t  February, 
1906,  at  Frying  Pan  Fiat,  bat  lasted  only  a  few  hours.  Frying  Pan 
Flat  is,  however,  an  old  geyser  crater  that  had  been  in  eruption 
daring  the  period  of  Waimangu  activity.  Thermal  relief  along  the 
Tarawera  rift  is  now  effected  by  comparatively  mild  eruptions,  the 
character  of  which  would  seem  to  indicate  expulsion  from  slowly 
filling  subterranean  reservoirs. 

Other  large  geysers  in  the  New  Zealand  area  show  or  have  shown 
a  degree  of  dependence  on  superficial  waters.  Dr.  Wohlmann, 
Government  Balneologist,  instances  the  case  of  the  Crowds  Nest  Qeyser 
at  Taupo,  on  the  banks  of  the  Waikato  River,  near  its  emergence 
from  liiake  Taupo.  When  the  Waikato  River  is  in  flood  the  Crow's 
Nest  Geyser  plays  every  40  minutes.  With  low  waters  the  interval 
is  inoreased  to  two  hours.  At  Orakeikorako,  some  fifteen  miles  to 
the  north  and  also  on  the  banks  of  the  Waikato  River,  the  great 
geysers  last  played  when  the  Waikato  River  was  abnormally  high. 
Thermal  manifestation  at  Orakeikorako  has  since  been  confined  to 
hot  springs. 

Every  gradation  from  Waimangu  through  boiling  springs  to 
faintly  bubbling  warm  pools  are  known  in  the  New,  Zealand  area, 
and  it  seems  impossible  to  make  any  genetic  distinction  between  the 
most  active  and  the  more  lethargic  members  of  the  series.  Yet 
some  of  the  latter  are  obviously  dependent  for  their  waters  on  surface 
supplies.  The  heat  necessary  to  create  the  motive  force  of  these 
geysers  lies  certainly  at  no  great  depth.  For  many  years  after  the 
1886  eruption  it  was  possible  to  char  wood  by  plunging  it  into 
a  crevice  in  the  ash  beds.  While,  therefore,  the  heat  supplied  to 
the  geysers  may  certainly  be  considered  magmatic,  it  is  nevertheless 
directly  applied,  and  is  not  carried  to  the  geyser  tube  by  magmatic 
waters  and  vapours  such  as  have  been  called  into  existence  in  the 
passage  quoted  in  the  first  paragraph  of  this  communication. 

Nor  even  in  this  New  Zealand  region,  the  evidence  from  which 
points  to  the  meteoric  origin  of  geysers  and  hot  springs,  is  the 
evidence  of  contemporaneous  metallic  deposition  lacking.  By  the 
courtesy  of  the  New  Zealand  Geological  Survey  I  am  enabled  to 
publish  two  interesting  analyses,  or  rather  assays,  made  by  the 
Colonial  Analyst,  of  fumarolic  deposits  from  Whakarewarewa, 
immediately  south  of  Rotorua.  Siliceous  sinter  taken  from  the 
sides  of  a  trough  used  to  conduct  hot  water  from  a  large  pool  behind 
the  Geyser  Hotel  gave  — 

dwts.  g^rs.  . 

Gold 0     12  per  ton. 

Silver  ...         ...       15      3     ,,     ,, 

while  a  sulphurous  sinter  formed  on  the  edge  of  the  spring  showed : — 

ozs.dwts.grs. 

Gold 0     1     4  per  ton. 

Silver  4     0  18    ,,     ,, 

both  most  suggestive  results. 
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While  it  is  at  onoe  admitted  that  the  foregoing  facte  are  not 
in  themselves  sufficiently  correlated  to  justify  the  assumption  of 
a  meteoric  origin  for  all  geysers  and  most  metalliferous  solutions^ 
they  may  nevertheless  be  considered  sufficiently  suggestive  to  give 
pause  to  the  most  imaginative  of  magmatio  seoretionists.  In  view  of 
the  undoubted  connection  between  heated  waters  and  ore  deposition, 
further  detailed  and  scientific  study  of  these  fumarolio  areas  is 
greatly  to  be  desired. 


YI. — Some  Fdbthbb  Considkbations  of  the  Oknbsis  of  the  Gold 
Deposits  of  Babkbbvillb,  B.C.,  and  the  Yigihitt. 

By  Austin  J.  B.  Atkin,  Esq. 

SINCE  the  publication  of  my  paper  "The  Genesis  of  the  Gold 
Deposits  of  Barkerville,"  ^  the  frequency  with  which  it  has 
been  suggested  to  me  that  the  gold  in  the  placers  spoken  of  might 
have  been  precipitated  in  situ  has  led  me  to  plaoe  before  you  the 
reasons  for  ascribing  to  it  the  origin  therein  stated. 


X'  '   n'    m   •    tt  •  m      . , 


■      « 


«•<»•••     » 


W     '«     X    »l>   M     V 


SECTlOrt   OF    FlLUrtG^      AnClENT  CMAIiMEL.    LOttER    WIULIAMS   CREEV^ 

CARIBOO.   ^.  C. 

In  propounding  the  theory  of  precipitation  to  explain  the 
occurrence  of  nuggets  in  the  Australian  *  leads'  Professor  Newberry 
took  into  account  the  fact  that  it  was  only  at  considerable  distances 
from  the  source  of  the  leads  that  the  larger  nuggets  were  found. 
He  also  noted  that  the  greatest  accretions  of  gold  were  where  the 
wood  found  in  these  old  channels  was  most  abundant;  that  as 
a  rule  the  gold  contained  a  nucleus  of  iron ;   that  it  was  finer  in 

*  Quart.  Journ.  Geol.  Soc.,  vol.  Ix  (1904),  pp.  389-393. 
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{oaiity  than  any  found  in  the  adjacent  reefs.  In  the  deposits  the 
louroe  of  which  I  have  tried  to  indicate,  the  very  reverse  of  these 
xmditioni  may  be  said  to  exist. 

The  general  oharaoteristios  of  these  old  channels,  that  is  the  filling 
>f  the  ancient  creek  beds,  consist  of — 

1.  Pre-Tertiary  gravels  in  the  bottom.^ 

2.  Tough  clay  containing  striated  boulders  and   pebbles,  with 

streaks  of  pre-Tertiary  gravels  washed  from  upper  portions 
of  the  creek  during  recessions  of  the  ice-cap. 

3.  Recent  superficial  deposits. 

4.  No  wood  has  been  found  in  the  channels. 

The  gravels  in  the  creek  bottoms  are  the  harder  detritus  from  the 
bill-sides,  the  softer  having  been  disintegrated  and  removed  by  the 
beavy  rains  of  later  Tertiary  times. 

The  gold  occurrence  has  always  been  in  the  type  of  a  deposit 
sorted  in  rapidly  moving  water. 

The  heavier  and  rougher  pieces  at  the  top  become  smaller  and 
more  water- worn  as  the  creek  is  followed  down  from  its  source,  while 
behind  some  of  the  larger  boulders  a  remarkable  concentration  of 
ffjld  has  taken  place. 

The  fineness  of  the  gold  varies  in  different  creeks;  and  it  can 
always  be  recognised,  even  when  mixed,  as  below  the  junction  of 
Iwo  channels. 

In  some  instances  different  parts  of  the  same  creek  were  dis- 
fcingnished  by  varying  grades  of  gold,  while  in  one  case  there  was 
a  noticeable  increase  in  returns  below  a  large  quartz  reef,  although 
this  reef  itself  is  now  valueless,  and  the  richness  varied  along  the 
ohannel.  This  instance  should  be  given  due  prominence  when 
considering  the  possibility  of  a  detrital  or  accretionary  origin  for 
the  gold. 

All  the  specimens  submitted  are  from  one  creek.  The  larger 
nuggets,  y,  ^,  etc.,  are  from  the  upper  portion,  those  marked  B 
are  from  the  middle,  while  the  smaller  grains  in  the  vial  C  are  from 
the  lowest  ground  worked. 

It  will  be  noticed  that  the  specimens  from  the  head  of  the  creek 
are  large  and  not  much  worn,  y  scarcely  at  all,  while  ^,  y  are 
typical  specimens  of  quartz  gold  such  as  may  be  chipped  from  any 
rich  outcrop  at  the  present  time. 

Specimen  D  is  from  a  boulder  found  in  Snowshoe  Creek.  This 
rock  weighed  over  250  lbs.,  and  was  extraordinarily  rich.  It  shows 
gold  intimately  associated  with  iron  pyrites  and  also  in  the  quartz 
alone.  Had  this  rock  experienced  sufficient  attrition  to  set  free  the 
gold  we  would  have  had  nuggets  like  y,  7,  etc.,  while  the  smaller 
pieces  might  have  travelled  further  down  the  creek  to  become 
similar  to  the  inbits  B  and  C, 

Specimen  E  contains  gold  panned  by  the  writer  from  a  quartz 
outcrop  on  Lowhee  Creek,  which  would  have  yielded  nuggets  similar 
to  those  now  found  in  the  placers  had  the  outcrop  been  eroded 
•nfficiently. 

^  See  section. 
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These  Bpecimens,  whioh  might  be  largely  augmented  if  required, 
are  suffioient  to  account  for  the  origin  of  most  of  the  gold. 

The  occurrences,  graduating  from  coarse  to  fine,  typical  of  water- 
sorted  deposits,  the  variation  in  the  quality  of  the  gold  in  different 
parts  of  the  same  channel,  the  assay  value  varying  between  about 
850  and  910  as  it  does  in  the  reefs,  must,  taken  together,  place  the 
detrital  origin  of  the  greater  part  of  the  gold  beyond  dispute. 

It  may  still  be  suggested  that  some  of  the  gold  is  a  precipitate  in 
the  drifts.  Even  this  seems  unlikely  in  view  of  the  shortness  of 
the  creeks  and  the  small  size  of  the  nuggets  found. 

The  largest  nugget  ever  discovered  in  Cariboo  County  did  not 
exceed  40  ounces  in  weight,  and  that  was  taken  from  Butcher 
Bench  on  Lightning  Creek,  the  remains  of  a  channel  in  which  the 
water  ceased  to  flow  while  the  creek  cut  down  through  ninety  feet 
of  rock  to  the  bed  of  the  deepest  channel.^  Were  the  gold  here  of 
accretionary  origin,  surely  the  deepest  channel  would  have  contained 
the  largest  nuggets,  instead  of  smaller  pieces  so  scratched  and  worn 
as  to  distinctly  show  their  origin  to  be  detritus  from  a  higher  level, 
worn  and  broken  up  in  the  bed  of  a  mountain  torrent 

If  it  be  argued  that  the  deposits  are  too  recent  for  any  but  small 
accretions  to  be  found,  exhibit  §  is  an  instance  of  a  small  particle 
embedded  in  quartz  which  very  little  attrition  might  have  set  free 
to  mislead  investigators. 

The  small  piece  on  the  back  of  D  would  have  been  another  piece 
whose  true  origin  would  with  difficulty  have  been  determined. 
Then,  again,  I  am  informed '  nuggets  are  found  in  the  clay,  though 
this  is  not  quite  certain.  These  cannot  be  the  result  of  percolating 
water,  as  this  clay  is  very  compact  and  quite  impervious  to  solutions. 
The  specimens  shown  to  me  as  derived  from  this  source  had  a  large 
proportion  of  quartz  in  them,  and  are  more  likely  to  occur  in  one  of 
the  streaks  deposited  during  recessions  of  the  ice-cap,  probably  ai 
fragments  from  such  boulders  as  D  came  from,  which  it  required 
the  violence  of  the  torrential  waters  from  the  melting  ice-cap  to 
disintegrate  to  the  size  of  pieces  whose  gold  contents  saved  them 
from  further  fracture,  while  the  same  torrents  swept  the  smaller 
pieces  down  to  the  receptacle  of  the  waters  of  that  period,  as 
Dr.  Dawson  suggests  a  lake  occupying  the  basin  from  Soda  Creek 
to  the  Nacahaco,  while  its  western  boundary  reached  to  what  is  now 
the  Kluskus-Ulgacho^  watershed. 

Zist  of  specimens  submitted  from  Barkerville,  B.C.,  and  its  vicinity. 

Various  nuggets  marked  j^^Ti^f'i' 
Piece  of  quartz  showing  free  gold,  marked  D. 
Bottle  of  quartz  gold  from  Lowhee  Creek,  marked  E. 
Tube  of  gold  from  Middle  Williams  Creek,  marked  B. 
Tube  of  gold  from  Lower  Williams  Creek,  marked  C. 

[The  above  specimens  have  been  received  by  the  Editor  Geol.  Mag.] 

*  **  Notes  on  the  Gold  Occurrences  on  Lightning  Creek":  Geol.  Mao.,  March,  1905. 
'  R.  S.  Robinson,  Resident  Engineer,  Cariboo  Goldfields,  Ltd.,  AlluYitl  Mining. 
'  Two  Indian  villages  whose  positions  can  easily  be  seen  on  maps. 
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L — On   Faults  as  a  Pbbdibposino   Cause    fob  the  Exibtenok 
OF  Pot-holes  on  Inolbboeouoh.     By  Habold  Bbodbiok. 

INGLEBOROnOH  Hill  oonsists  of  a  large  plateau  of  Carboniferous 
Limestone  about  500  feet  in  thickness  and  capped  bj  a  cone  of 
Yoredale  rocks  with  a  summit  of  MillHtone  Grit.  On  this  plateau 
there  are  a  large  number  of  pot-holes  or  vertical  shafts  in  the 
limestone :  there  are  upwards  of  thirty  of  these  at  present  known  to 
exist,  and  it  is  probable  that  there  are  many  more  still  covered  with 
the  deposit  of  glacial  drift.  Within  the  last  few  years  many  facts 
have  come  to  light  which  prove  that  many,  if  not  all,  of  the  deeper 
pot-holes  owe  their  existence  to  faults.  Kift  Pot,  a  pot-hole  on  the 
soath-east  side  of  the  hill,  was  recently  explored  and  found  to  extend 
to  a  depth  of  over  300  feet :  the  first  portion  consists  of  a  vertical 
shaft  1 14  feet  deep,  the  lower  portion  of  which  consists  of  a  chamber 
180  feet  long  and  25  feet  broad  ;  from  the  south  end  of  this  the  pot 
desoends  for  a  distance  of  about  200  feet  with  a  series  of  platforms 
of  jambed  stones  wedged  between  the  walls  of  a  vertical  fissure, 
finally  ending  in  a  short  passage  which  at  the  end  is  waterlogged. 
The  pot-hole  at  the  surface  takes  the  form  of  a  fissure  60  feet  long 
and  from  one  to  seven  feet  wide.  At  the  northern  end  of  this  fissure, 
within  a  few  feet  of  the  moor  level,  the  east  wall  is  slickensided,  and 
in  the  main  chamber  at  the  foot  of  the  first  shaft  the  east  wall  is  also 
slickensided,  over  an  area  50  feet  in  length  and  at  least  20  feet  in 
height  At  the  surface  the  slickensides  occur  along  successive 
master  joints,  while  those  in  the  main  chamber  occur  along  another 
master  joint  at  a  horizontal  distance  of  about  15  feet.  These 
slickensides  are  horizontal,  showing  that  the  fault  was  one  of 
horizontal  displacement,  and  as  a  careful  examination  shows  that  the 
beds  of  limestone  on  either  side  of  the  upper  part  of  the  pot  corre- 
spond, it  is  clear  that  no  vertical  movement  accompanied  the  faulting. 
The  slickensides  near  the  surface  are  coated  with  clear  crystals  of 
oalcite,  which  when  removed  leave  the  slickensides  very  clearly  marked. 
Only  one  fault  is  marked  on  the  maps  of  the  Geological  Survey  : 
this  is  a  fault  which  runs  from  near  Horton  to  God*s  Bridge,  in 
Ohapel-le-Dale.  Along  the  line  of  this  fault  are  several  pot-holes, 
all  of  which  have  their  longer  axes  in  the  direction  of  the  fault. 
Sulber  Pot,  which  is  about  59  feet  deep,  and  Nick  Pot,  which  receives 
an  inflowing  stream,  and  has  recently  been  explored  to  a  depth  of 
about  80  feet,  exhibit  no  direct  evi<lenoes  of  faulting;  but  Mere 
Gill,  on  the  other  hand,  does.  Mere  Gill  consists  of  a  fissure,  about 
80  yards  long,  which  is  bridged  in  three  places  by  rock.  As  a  rule 
this  fissure  is  filled  with  water  to  within  30  feet  of  the  surface ;  in 
times  of  normal  rainfall  the  water  escapes  through  a  tunnel  below 
the  water-level,  which  leads  in  a  southerly  direction  (away  from  the 
▼alley) ;  it  then  makes  two  vertical  descents  of  80  feet  each  and 
turns  northwards  to  emerge  in  the  valley  near  God's  Bridge  in  the 
direct  line  of  the  fault.     On  the  limestone,  which  is  usually  covered 

^  AbetractB  of  six  papers  read  before  the  British  Aasociatioii,  Section  C  (Geology), 
York,  1906. 
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by  the  stream  falling  into  the  pot,  are  crystals  of  oaloite.  These  are 
very  muoh  water-worn,  but  clearly  indicate  tbe  existence  of  a  fault. 
Gaping  Qill  consiBts  of  a  vertical  shaft,  865  feet  deep,  into  which 
the  waters  of  Fell  Beck  fall.  At  a  depth  of  about  190  feet  is  a  ledge 
some  12  feet  wide :  at  this  point  a  fault  is  very  clearly  to  be  seen ; 
the  fault  has  a  downthrow  of  six  feet  to  the  south.  The  shape  of 
practically  all  the  pot-holes  is  a  further  indication  that  they  have 
been  formed  as  the  result  of  faults :  they  are  all  muoh  longer  than 
they  are  wide,  and  thin  out  at  each  end  into  a  narrow  crack.  It  ie 
also  a  noticeable  fact  that  they  occur  in  groups  and  in  such  positions 
that  it  would  have  been  impossible  for  a  stream  to  form  more  than 
one  out  of  several. 

II. — JuBAssio  Plants  frou  thk  Rooks  of  East  ToRKSHnts.    By 

A.  G.  Seward,  M.A.,  F.B.S. 

Historical, — The  work  of  Toung  and  Bird,  entitled  "  A  Geological 
Survey  of  the  Yorkshire  Coast,"  was  published  at  Whitby  in  1822. 
William  Bean,  John  Williamson,  and  William  Crawford  Willtameon 
rendered  excellent  service  in  the  early  days  of  the  geological 
exploration  of  the  Yorkshire  coast.  Several  specimens  collected  by 
local  naturalists  were  sent  to  Adolphe  Brongniart,  and  described  by 
him  in  his  **  Histoire  des  Y6g6tanx  Fossiles,"  published  in  1828. 
The  publication  in  1829  of  "  Illustrations  of  the  Geology  of 
Yorkshire,**  by  J.  Phillips,  placed  the  geology  of  East  Yorkshire 
on  a  sound  scientific  basis.  Numerous  species  of  Jurassic  plants 
from  the  Yorkshire  coast  were  figured  and  described  in  the  "  Fossil 
Flora  of  Great  Britain,**  by  Lindley  and  Hutton,  which  appeared  in 
parts  between  1831  and  1837.  Important  additions  have  been  made 
to  the  knowledge  of  Yorkshire  Jurassic  plants  by  W.  C.  Williamson, 
Bunbury,  Leokenby,  Carrntbers,  Nathorst,  and  other  writers. 

Geological, — The  East  Yorkshire  rocks  of  Lower  Oolitic  age  may 
be  said  to  consist  of  three  important  estuarine  series,  separated  from 
one  another  by  thin  bands  containing  marine  fossils.  The  majority 
of  the  plants  have  been  obtained  from  the  Lower  Estuarine  Series, 
which  includes  the  famous  plant-bed  of  Gristhorpe  Bay. 

Botanical, — I,  Equisetales  :  Eqnisetites  columnaris  is  one  of  the 
commonest  and  most  characteristic  plants  of  the  Yorkshire  flora. 
II,  FiLiGES :  the  Ferns  are  represented  by  numerous  species, 
including  examples  referred  to  the  Cyatheacese,  Osmundaceae, 
Schizseaceaa,  Dipteridinad,  and  Matoninese.  Ill,  Gimkooalxs:  the 
genera  Oinkgo  and  Baiera  are  both  represented  by  several  forms. 
IV,  Cycadalbs  :  Williamsonia,  NiUsouiay  and  Otozamiies  are  the 
most  conspicuous  examples  of  this  dominant  class.  Y,  ConifebjB  : 
the  conifers  are  less  abundant  than  either  the  C^oads  or  Ferns,  but 
the  Araucariesd  appear  to  have  occupied  a  prominent  position  in  the 
vegetation. 

Tbe  author  next  gives  an  account  of  the  composition  of  the 
Yorkshire  Jurassic  vegetation  as  compared  with  that  of  the  floras 
of  the  same  geological  age  in  other  parts  of  the  world,  and  makes 
suggestions  for  future  work. 
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m. — Exhibition    of   a   Bbmabkablb   Fobm    of   Sodalitk  from 

Bajputana.     By  T.  H.  Holland,  F.B.S. 

VTEABLT  every  diaooTery  in  the  interesting  family  of  nepheline 
J3I  syenites  shows  some  feature  of  unusual  interest  amongst 
igneous  rocks.  The  latest  discovered  occurrence  of  these  rocks  in 
India  is  remarkable  for  the  presence  of  a  form  of  sodalite  which 
has  the  property,  apparently  unique  amongst  minerals,  of  rapidly 
changing  colour  in  bright  daylight  from  carmine  to  pale  grey  or 
colourless,  and  of  slowly  recovering  its  carmine  colour  when  kept  in 
the  dark.  The  mineral  with  these  peculiar  properties  was  discovered 
by  Mr.  E.  Yredenburg  as  a  constituent  of  the  pegmatitic  veins  in 
a  nepheline  syenite  intruded  into  the  Aravalli  schist  series  of 
Eisbengarh  in  Bajputana.  Along  the  same  belt  the  sodalite, 
intergrown  with  nepheline  in  the  pegmatite  veins,  is  of  the  common 
blue  variety,  and  nothing  unusual  is  shown  by  chemical  analysis  of 
either  variety.  The  carmine  colour  disappears  as  rapidly  on  exposure 
to  light  in  a  moist  atmosphere  as  in  dry  air,  in  the  cold  weather  as 
rapidly  as  at  higher  temperatures,  and  under  bright  electric  light  as 
in  daylight  The  mineral  has  apparently  no  effect  on  a  photographic 
plate,  and  is  not  noticeably  radio-active.  The  reappearance  of  the 
carmine  tint  takes  place  in  a  few  weeks  in  some  specimens,  but 
requires  some  months'  concealment  in  the  dark  in  others.  No 
explanation  has  been  offered  so  far  to  account  for  this  remarkable 
phenomenon,  and  the  specimens  are  now  exhibited  with  the  hope  of 
obtaining  suggestions  for  a  systematic  investigation  of  the  mineral. 


IV. — On  thb  Obioin  of  the  Trias.     By  Professor  T.  Q.  Bonnby, 

ScD.,  LL.D.,  F.R.S. 

fllHE  three  subdivisions  of  the  Bunter,  whether  east  or  west  of  the 
X  Pennine  Bange,  apparently  unite  to  the  south  of  it,  and  thin 
out  as  they  approach  the  southern  parts  of  Warwickshire,  Stafford- 
shire, and  Leicestershire.  Their  equivalents  are  fairly  well  developed 
in  Devonshire,  but  apparently  thin  out  in  a  similar  wedge-like 
manner  towards  the  north  and  north-east,  not  reaching  the  Bristol 
Channel.  The  upper  and  lower  members  in  the  northern  area  are 
sandstones,  generally  red,  often  conspicuously  current- bedded,  but 
without  pebbles,  the  grains  being  frequently  wind- worn.  The 
pebble-bed  reaches  a  thickness  of  1,000  feet  near  Liverpool — where, 
however,  sand  dominates  over  pebbles — is  about  300  feet  thick  in 
the  northern  part  of  Staffordshire,  and  rather  overlaps  the  Lower 
Bunter  sand.  The  writer  describes  the  lithological  characters  of  the 
pebbles,  and  discusses  the  reasons  for  and  against  deriving  them 
either  from  a  southern  or  south-western  source,  like  those  in  the 
Devon  area,  or  from  any  region,  either  exposed  or  buried,  in  their 
more  immediate  neighbourhood,  maintaining  a  northern  origin  to  be 
the  more  probable.  The  Keuper  group,  both  sandstones  and  marls, 
extended  without  interruption  (except  for  the  sea)  from  Devonshire 
to  Yorkshire  on  the  one  hand,  and  Antrim  on  the  other. 
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The  author  considers  the  Bunter  to  be  fluviatile  rather  thtn 
lacustrine  deposits,  chiefly  formed  by  large  rivers.  Two  of  these 
flowed  from  a  mountain  region,  of  which  Scotland  and  the  extreme 
north  of  Ireland  are  fragments,  and  a  third  from  a  similar  region  to 
the  south-west  of  Britain.  Deposits  comparable  with  the  Bunter, 
and  especially  the  pebble-bed,  may  be  found  on  the  border  of  the 
Alps,  and  these  rivers  probably  traversed  (at  any  rate,  early  and  late 
in  the  Bunter  epoch)  arid  lowlands,  from  which,  if  not  absorbed,  they 
may  have  escaped  by  some  channel  now  buried  under  south-eastern 
England.  The  Keuper  sandstones,  as  he  shows,  indicate  the  setting 
in  of  inland  sea  cqnditions,  the  Bed  Marls  being  generally  regarded 
as  deposited  in  a  great  salt  lake.  These,  like  the  clays  of  the 
Jurassic  system,  were  probably  derived  from  the  mountain  ranges, 
which  had  previously  supplied  sand  and  pebbles. 

In  fact,  the  physical  and  climatal  conditions  of  the  Trias — and  the 
same  perhaps  may  also  be  said  of  the  Permian — were  probably  to 
some  extent  comparable  with  those  now  existing  in  certain  of  the 
more  central  parts  of  Asia,  such  as  Persia  or  Turkestan. 


Y. — Notes  on  thk  Spkbton  Ammonites.     By  G.  O.  Damiobd. 

A  RESIDENCE  of  several  years  in  the  neighbourhood  of  Speeton 
has  enabled  the  author  to  collect  many  fossils  from  the  days  and 
shales  underlying  the  Chalk.  With  regard  to  the  AmmonitidsB,  his 
results  confirm  the  general  succession  given  by  Pavlowand  Lamplugh, 
and  add  some  further  information. 

The  lowest  portion  of  the  Eimmeridge  Clay  which  the  author  has 
been  able  to  examine  in  exposures  on  the  shore  contains  numbers  of 
ill-preserved  ammonites  of  the  square-backed  Hoplttes  group  ;  while 
the  higher  part  contains  forms  of  a  different  type,  belonging  to  the 
round-backed  Perisphinctes  and  allied  genera. 

In  the  lower  part  of  the  zone  of  BelemniteB  lateralt$  Ammonites  are 
extremely  rare,  and  the  author  heis  no  fresh  information  to  offer; 
but  in  the  upper  part  they  become  plentiful.  The  very  globose 
forms  of  Olcostephanus  (0.  gravesiformiSf  Key$erlingif  eta)  occur 
mainly  in  the  bed  D  3  of  Mr.  Lamplugh*8  classification,  but  are 
usually  in  bad  preservation.  The  overlying  bed,  D  2,  is  perhaps 
the  most  interesting  of  the  whole  series ;  at  its  base  both  the 
Olcostephani  and  the  HopliteB  are  very  numerous,  the  former  being 
often  in  the  condition  of  imperfect  phospbatic  casts.  Above  this 
band  the  round-backed  Ammonites  entirely  disappear,  though 
BelemniteB  lateralis  continues  to  be  fairly  abundant  up  to  D  1. 

It  therefore  appears  that  the  southern  Mbplites  obtained  full 
possession  of  the  area  earlier  than  their  associated  southern  Belemnites 
of  thejaculum  type,  although  rare  examples  of  these  Belemnites  occur 
in  the  clays  below  D  2. 

The  lower  part  of  the  zone  of  Belemnitea  jactdum,  besides  yielding 
many  Hoplites,  contains  occasional  Ammonites  pertaining  to  the 
genera  Holcodiscus  and  Astierta  (of  the  OleoBtephani),  and  also  to 
other  genera.     The  higher  beds  are  occupied  by  Oleo$iepkam  of  the 
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genas  Simhir$Jnte$,  but  these  beds  have  of  late  yean  been  so  poorly 
exposed  that  do  further  information  can  be  given  regarding  the 
distribution  of  these  forms. 

In  the  zone  of  Belemnites  hrunifneen$i$  Ammonites  only  occur  at 
the  extreme  base,  where  there  are  a  few  examples  of  one  of  the 
Simhir$hit€$,  and  in  its  uppermost  beds,  where  the  genus  MopliteBf 
r^resented  by  H.  DeBhayesi,  reappears  associated  with  forms  of  the 
genus  Oppelia,  the  whole  of  the  intervening  deposits  being  apparently 
devoid  of  these  fossils. 

In  the  beds  with  BelemniteB  Ewaldi,  which  may  prove  to  be 
a  distinct  zone  between  the  hrunB^oioenBiB  and  mtntmus  zones,  no 
Ammonites  have  as  yet  been  detected,  but  in  the  mtittmtti  zone 
H.  interruptuBf  Brag.,  has  been  found. 

The  Criocerata  have  been  found  to  exist  in  most,  if  not  all,  the 
deposits  from  the  uppermost  part  of  the  BelemniteB  laieraUB  zone  to 
the  top  of  the  BeUmniteB  brunBvicenBtB  zone,  and  are  especially 
numerous  about  the  middle  of  the  BelemniteB  jaculum  zone.  They 
are,  however,  difficult  to  determine,  being  both  fragmentary  and 
ill-preserved. 

The  paper  concludes  with  a  list  of  the  species  of  CrioeeraB, 
including  those  described  in  "  Argiles  de  Speeton  "  and  those  met 
with  by  the  author,  and  determined  chiefly  by  Dr.  A.  von  Eoenen. 
This  short  list  might,  doubtless,  be  greatly  extended  by  anyone 
oonTcrsant  with  the  forms  of  this  group. 


VI. — NOTKB  ON   THE   GlAOIATION    OF   THE   USK    AND  WyK  YaLLBTS. 

By  the  Be  v.  W.  Lowbb  Carter,  M.A. 

DUBING  a  recent  holiday  the  author  was  able  to  study  the  glacial 
deposits  of  the  district  to  the  north  of  the  South  Wales  Coalfield. 
The  gravelly  deposits  of  Old  Bed  Sandstone  material  which  are 
characteristic  of  the  valley  of  the  Usk  between  Brecon  and 
Abergavenny  (see  "Geological  Survey  Memoir")  have  been  traced 
for  some  distance  to  the  north-east  of  Brecon  and  up  the  valley  of  the 
Usk  as  far  as  Trecastle.  Here  the  river  breaks  away  from  the  old 
'  through  '  valley,  which  is  continuous  to  Llandovery  and  rises  in  the 
CSarmarthen  Fans  to  the  south.  On  the  top  of  this  red  drift  were 
found  large  numbers  of  erratics  of  volcanic  ash  and  breccia,  which 
the  author  supposes  to  have  been  derived  from  Ordovician  outcrops 
to  the  west  or  north-west  of  the  area  in  question.  These  blocks, 
which  run  up  to  two  tons  or  more  in  weight,  are  found  all  down  the 
Usk  Valley  below  Trecastle,  and  over  the  col  towards  LLmdovery, 
in  the  Gwyddrig  Valley,  as  far  down  as  *  Halfway.'  The  author 
has  traced  them  on  the  flanks  of  the  Brecon  Beacon  as  high  as 
Newadd  (886  feet)  and  down  to  Talybont,  where  a  large  one  was 
found  close  to  the  canal  tunnel  (400  feet).     At  Llaugorse  they  form 

Crt  of  a  moraine  which  dams  back  the  drainage  to  form  Llangorse 
Jce.     They  are  found  in  large  numbers  at  Talgarth,  and  were 
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traced  up  Gwm  Pwll-y-wraoh  as  high  as  the  800  foot  contoar. 
Numbers  of  smaller  boulders  were  found  mixed  with  Old  Red 
Sandstone  material  in  gravel  deposits  near  Three  Cooks  Junction, 
a  little  stream  revealing  good  sections  in  mounds  of  rearranged  and 
roughly  bedded  drift  deposits.  No  trace  of  these  foreigners  waa 
found  in  the  valley  of  the  Wye  from  Builth  Wells  to  Three  Cocks, 
nor  were  any  found  in  fine  sections  of  Boulder-clay  examined  at 
Llandrindod  Wells. 

The  author  hopes  to  continue  the  investigation  of  these  deposits, 
but  believes  that  sufficient  evidence  has  been  collected  to  point  to 
a  local  glacier  at  first  in  each  of  the  valleys  of  the  Usk  and  the  Wye. 
The  Usk  glacier  was  fed  from  the  Carmarthen  and  Brecon  Fans,  bat 
appears  to  have  been  overridden  subsequently  by  a  stream  of  foreign 
ice  from  the  direction  of  Llandovery,  bringing  the  brecciated  erratics 
and  pressing  down  the  valley  to  Llangorse,  Talgarth*  and  Three 
Cocks.  It  is  to  the  pressure  of  this  foreign  ioe  that  he  would 
attribute  the  overflow  of  the  Old  Red  Sandstone  drift  by  the  Cray 
Valley,  on  to  the  Carboniferous  rocks  of  Pen wy lit,  and  op  Dyflfryn 
Crawnon  and  through  the  faulted  gap  of  Nant  Trefil  into  the 
Rhymney  and  Sirhowy  valleys  (as  reported  by  the  Geological 
Survey).  Among  the  erratics  of  the  Wye  Valley  were  tough  green 
grits,  which  were  subsequently  found  quarried  at  Builtb,  but  marked 
on  the  geological  map  as  *  Greenstone.'  Several  interesting  stream 
diversions,  owing  to  accumulations  of  morainic  material,  were 
observed.  Amongst  the  more  important  were  the  diversion  of  the 
Usk  from  a  wide  valley  to  a  narrow  gorge  at  Aberyscir  by  a  moraine 
at  Cradog ;  of  the  Honddu  at  *  The  Forge,'  Brecon,  to  the  glacial 
gorge  which  runs  below  the  Priory  Church ;  and  the  reversal  of  the 
drainage  of  the  Afon  Honddu  and  Olchon  Brook  at  Llanvihangel  and 
Paiidy  by  the  morainic  gravels  which  block  the  wide  valley  between 
Bryn-aro  and  Skirrid-fawr,  down  whioli  these  streams  no  doubt 
flowed  in  pre-Glacial  times  to  join  the  Usk  at  Abergavenny,  whereas 
now  they  have  been  diverted  into  the  Monnow,  and  so  reach  the 
Wye  at  Monmouth. 

Only  one  case  of  a  dry  valley  which  had  been  a  glacier-lake 
overflow  was  noted,  and  that  was  the  little  gorge  called  Cwm 
Coed-y-cerig,  by  which  the  drainage  of  Orwyne  Fawr  appears  to 
have  been  carried  off  when  the  lower  part  of  its  present  valley  was 
obstructed  by  a  lobe  of  ice  from  Crickhowell,  but  it  was  not  cut 
deeply  enough  to  continue  to  take  the  stream  when  the  lobe  was 
withdrawn. 


I^  E  "V  I  E  "VT-  S. 


I. — Smitusonian  Institution  :   United  States  National  Museum. 

I.  The  United  States  National  Museum :  an  Account  of  the 
Buildings  occupied  by  the  National  Collections.  By  Richard 
Kathburn,  Assistant  Secretary  of  the  Smithsonian  Institution. 
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(Report  of  the  U.S.  Nat.  Mas.  for  1903,  No.  132,  pp.  177-309, 
with  29  platee;  8vo,  Washington,  1905.) 

II.  Stndies  of  the  Mneenms  and  Kindred  Institations  of 
New  York  City,  Albany,  BaflfHio,  and  Cliicago,  with  Notes  on 
some  European  Institutions.  By  A.  B.  Mbybb,  Director  of 
the  Roya\  Zoological,  Anthropological,  and  Ethnographical 
Musenm  in  Dresden.  (Report  of  the  U.S.  Nat.  Mus.  for  1903, 
Na  133,  pp.  311-608,  with  40  plates  ;  Svo,  Washington,  1905.) 

1. — Professor  Huxley  defined  a  museum  as  "a  consultative 
library  of  objects."  The  National  Museum  is  much  more  than 
this,  for  besides  being  a  museum  wherein  natural  history  specimens 
are  stored,  it  is  also  a  distributing  agency  for  the  instruction  of  the 
people  of  the  whole  country,  not  only  for  institutions  occupied 
exclusively  with  science,  but  also  for  those  in  which  science  is 
taught  as  an  accessory  to  other  branches  of  study.  Duplicate  sets  of 
specimens  are  accordingly  distributed,  accurately  named,  and  given 
to  JPphlic  institutions  in  all  parts  of  the  country. 

The  history  of  the  museum  may  be  divided  into  three  periods ; 
first,  from  its  foundation  in  1846  to  1857,  during  which  time  the 
chief  object  was  scientific  research  by  means  of  the  materials 
gathered;  second,  from  1857  to  1876  the  establishment  became 
a  receptacle  for  scientific  material  which  had  already  been  studied, 
a  portion  of  it  being  exhibited  to  the  public  and  thus  made  sub- 
servient to  education  ;  the  third  period  witnessed  the  further 
development  of  the  educational  purpose  of  the  museum  by  providing 
students  of  all  countries  with  the  means  of  pursuing  their  researches 
within  its  walls.  These  three  (unctions  are  indeed  essential  to  the 
life  and  progress  of  every  museum,  and  they  are  promoted  to 
a  remarkable  extent  by  the  National  Museum  at  Washington. 

In  order  to  meet  the  growing  demands  of  the  establishment  and 
to  relieve  the  congested  state  of  the  storage  space  in  the  old  building, 
it  was  resolved  in  1903  to  erect  a  new  one  fully  equipped  with  all 
the  most  recent  appliances.  This  building  will  be  rectangular  in 
shape  and  faced  witli  granite  on  all  sides.  It  will  have  a  length  of 
550  feet,  a  width  of  318  feet,  and  a  height  above  the  basement  floor 
of  77  feet  llie  exhibition  space  will  occupy  the  two  middle  stories, 
the  others  being  devoted  to  the  many  necessities  of  a  large  museum. 
The  net  floor  area  will  be  about  411,374  square  feet,  or  about 
9*44  acres. 

The  last  twelve  pages  of  the  report  contain  a  detailed  statement 
of  the  space  occupied  by  the  museum  on  January  1st,  1904, 
arranged  mainly  in  explanation  of  the  plan  of  the  two  principal 
existing  buildings. 

2. — This  very  full  and  interesting  description  of  Museums  and 
Libraries  is  a  translation  of  the  original  memoir  published  in 
Dresden  1900-1903.  The  author  was  commissioned  by  the 
authorities  of  the  Hoyal  Collections  to  undertake  the  work,  and  he 
appears  to  have  accomplished  his  task  with  great  eflSciency.  He 
considered  that  the  libraries  in  the  United  States  had  in  general 
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attained  a  higher  degree  of  development  than  the  mnaeoms,  and 
that  they  perhaps  excel  those  of  Europe  in  structural  details  and  in 
administrative  methods,  but  that  this  is  not  so  decidedly  the  case 
with  the  museums.  The  opinion  of  the  late  Dr.  von  Zittel,  of 
Munich,  is  cited  to  the  effect  that  the  Americans  had  begun  (1883) 
to  make  their  natural  history  treasures  accessible  to  the  public  and 
to  specialists  in  a  manner  worthy  of  admiration  and  of  imitation. 
Again,  Alfred  Bussel  Wallace  (1887)  considered  that  the  Museum 
of  Comparative  Zoology  of  Harvard  University  (known  as  the 
Agassiz  Museum)  far  excelled  all  European  museums  as  an  educa- 
tional institution  for  the  public,  for  students,  and  for  the  special 
investigator.  The  author  was  much  impressed  with  the  adminis- 
trative capacity  of  the  Americans,  and  considered  that  museum 
aflfairs  on  the  whole  stood  on  a  higher  plane  than  in  Europe.  This 
view  refers  rather  to  scientific  than  to  art  institutions. 

A  few  figures  will  best  illustrate  the  development  of  libraries  and 
museums  in  the  United  States  as  compared  with  Germany,  France, 
and  England.  There  are  in  the  United  States  8,000  public  libraries, 
containing  50,000,000  volumes.  The  increase  in  the  number  of 
museums  does  not  keep  pace  with  these  amazing  results,  although 
it  has  often  been  recommended  that  a  small  popular  museum  should 
be  attached  to  each  public  library.  There  are  350  public  museums, 
of  which  250  are  devoted  to  natural  history.  Qermany  has  perhaps 
500  or  more,  150  of  which  are  natural  history  museums.  France 
has  300  of  the  latter,  and  Great  Britain  250.  A  remarkable  feature 
in  some  of  the  large  American  museums  is  a  section  specially 
adapted  to  the  comprehension  of  children,  and  this  is  supplied  also 
in  nearly  all  of  the  large  libraries.  The  object  is  to  develop  the 
minds  of  children  and  to  inspire  them  with  a  love  for  nature.  This 
idea  had  long  ago  been  suggested  by  Louis  Agassiz. 

This  voluminous  paper  is  admirably  illustrated  with  pictures  of 
many  of  the  museums  and  libraries  visited  by  the  author. 

A.  H.  F. 


II. — The  Species  of  BoTRrocnmus,     By  F.  A.  Bather.     Ottawa 
Naturalist,  vol.  xx,  pp.  93-104;  August  15,  1906. 

IIHIS  paper  contains  a  comparison  of  all  previously  described 
species,  with  fresh  diagnoses  based  on  the  dorsal  cups.  The 
species  are  :— Swedish,  B,  ramosissimusy  Aug.,  B,  cucarbitaceua  (Aug.); 
British,  B.  ramosuSt  Bather,  B,  decadactyluSf  Bather  ex  Salter  MS., 
B.  pinnulatus.  Bather,  B.  quinquelohus.  Bather  ;  Australian,  B.  longi' 
hrachiatuSy  Chapman  ;  North  American,  B.  nucleus  (Hall),  B,  polyxo 
(Hall),  B.  crassuB  (Whiteavps),  B.  americanus,  Rowley.  All  these 
are  Silurian  except  the  last  two,  which  are  Devonian  and  approach 
the  Carboniferous  Barycrinus  in  shape.  American  workers  are 
invited  to  consider  the  relations  of  Boiryocrtnus  to  Cosmoerinuif 
BarycrinuSf  and  Vasocrinus. 


Corretpendenet —  W.  S.  Sudleitoii. 


coiaiass:poiTX>.B3S-ca;. 


TBIHMINGEAH  CHALK   BLTJFF6. 

(PLATE  XIVII.) 

8tB, — Yon  niKjr  be  intereateil  to  know  that  I  spent  a  abort 
fortnight  in  Eut  Anglio.  Apropot  or  Trimmingham  I  endeavoured 
to  identify  Ur.  Brjdone'a  photographs.  He  appears  to  have  taken 
no  notice  of  the  extraordinary  natural  arch  situated  a  few  yards 
from  the  base  of  the  oliff,  a  mininture  'Old  Harry.'  Enolosed  is 
a  rough  sketoh  of  this  peculiar  ipeoinien  of  the  Contorted  Drift, 
whioh  owee  its  preservation,  in  a  great  measure,  to  an  intensel; 
hard  bed  of  flint  pebbles  (D).  There  are  two  fragments  of  this 
remaining,  and  during  mj  visit  two  young  Philistines  were  doing 
their  beat  to  destroy  the  one  on  the  left  band.  I  preached  them  an 
appropriate  eermon  on  the  folly  of  destroying  interesting  natural 
oojeeta,  and  they  had  the  good  sense  to  desist.  I  also  send  you 
photograph  taken  by  Messrs.  Tucker  showing  the  natural  arch  as 
nen  by  me  in  July  last  (see  Plate  XZVII). 


Kstnnl  arch  on  tho  HA-ehnre  at  Trinminghani. 

A.  Chalk  IN  mUH  unaltered  ami  full  of  fliute. 

B.  tloditicd  ChulK  with  much  impurity. 

C.  Puggeil  Rray  oiny  with  amno  alonei. 

D.  CoDgtumerote iifltint pobbles. 
Z.  The  prineipul  llint  band. 

This  mass  of  marly  Chalk  in  the  Trimmingham  cliff  is  situated 
jnat  below  the  Crown  and  Anchor  Hotel,  the  '  marl '  being  burnt 
for  lime  (July  Slat,  1906).  It  is  evidently  a  mass  of  squeezed  and 
softened  Chalk,  but  I  did  not  nctioe  flints  in  it.  A  quantity  of  flint 
pebbles,  some  very  large,  are  obtained  from  the  overlying  gravela 
for  nwd-mending,  eto>     There  are  several  smaller  lumps  of  softened 
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Chalk  in  the  cliff  hereabonts,  and  the  oliff  itself  U  much  fiBsnted 
and  orevaased.   The  bedi  dip  towards  the  Dorth-eaat  (approximatelj). 


noJr  of  Quarn/ 


The  elevation  of  the  ohuroh  at  TrimtDinKhsm  is  marked  id  the  old 
map  as  19S  feet,  and  the  top  of  the  oliff  here  is  from  40  to  SO  feet 
lower.  W.  H.  Hddlbbtom. 

NoTi.~The  moM  of  Chalk  fonniiig  the  anh  (see  PI.  XXYII)  ma  oiihr  entird^ 
isolated  and  detached  from  the  adjoining  cliff  earlv  in  thie  year.  (Sea  Hr.  Brrdoiw  > 
Platec,  Gfol.  Mao..  ISOe,  PI.  II,  PV-  *.  3;  PI-  rv,  Fig.  7;  PI-  V,  rig.  12: 
PI.  VIII,  Fig.  13.  See  also  description  b;  Prof.  Booue;  In  Sept.  No.,  pp.  400-401, 
Fig.  1,  A,  and  Fig.  2,)— Edit.  Sbol.  Mao. 


THE  THICKNESS  OF  THE  CIRCUM-POLAE  ICE. 
SiE, — Tour  reviewer  of  the  first  volume  of  ProfesBors  Chamberlia 
and  Salisbury's  Geology  has  the  following  sentenoe  on  p.  376: 
"  We  note  (hat  ihe  thickness  of  the  Greenland  ioe-dome  at  its  oentre 
is  estimated  at  5,000  feet  or  more,  and  we  recommend  the  statement 
to  the  attention  of  the  writer  in  this  Magazine  (Match,  1906,  p.  120) 
who  has  recently,  on  hypothetical  grotiiKlB,  revived  the  idea  that  ioa 
cannot  attain  a  greater  thickness  tban  1,600  feet."  May  I  again  point 
out  that  the  fi,000  feet  ice-slieet  is  a  pure  assumption,  whereas  the  1,600 
fset  limit  reets  on  physical  experiment  and  direct  field  observation? 
Professors  Oil  am  be  rl  in  and  Salisbury's  statement,  wliioh  your  reviewer 
refers  tu  with  such  satisfaction,  is  as  follows:  "The  height  of  the 
land  surface  beneath  [the  ice-cap]  is  unknown,  but  it  is  unlikely 
that  it  averages  half  this  amount  [9.000  feet],  and  hence  the  ioe  i« 
probably  G.OOO  feet  or  more  thick  in  the  oentre.  There  is  reason  to 
think  it  is  much  thicker  in  Antarctica."  This  is  simply  an  appeal  to 
ignorance;   and  as  regards  the  Antarotio,  Captain  Soott's  obMmtioB 
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that  evaporation  equals  preoipitation  on  the  plateau  leads  one  to 
infer  that  it  is  likely  that  the  ioe-oap  there  is  quite  thin.  If  the 
upholders  of  the  5,000  feet  ioe-sheet  will  produce  the  record  of 
a  tabular  iceberg  more  than  1,600  feet  thick,  or  if  they  will  show 
that  there  is  a  valley  5,000  feet  from  crest  to  trough  running  under 
the  flat  ice-cap  of  Greenland — the  observations  at  present  available 
tending  to  show,  on  the  contrary,  that  the  deep  valleys  on  the  coast 
go  but  a  short  way  inland  and  end  abruptly  on  the  edge  of  a  plateau 
— then  I  will  believe  that  physical  laws  have  been  suspended  in 
their  operation  for  the  special  benefit  of  glacialists. 

Ebnkbt  H.  L.  Sohw^rz. 
Bhodbs  UivxTBBsmr  Collboi, 

GnAHAMBTowy,  Capb  Coloxt. 


THE  TRIMMINGHAM  CHALK. 

Sib, — It  seems  desirable  to  make  a  few  comments  on  Professor 
Bonney's  paper  in  your  September  number.  On  the  question  of 
"  western  and  eastern "  or  "  northern  and  southern  "  bluffs, 
I  cannot  see  what  the  trend  of  the  coast,  ever  varying  from  point 
to  point  and  as  you  take  it  at  the  base  or  top  of  the  cliff,  can  have 
to  do  with  the  relative  position  of  two  fixed  points.  A  line  drawn 
from  bluff  to  bluff  runs  by  the  compass  5^-10^  S.  of  S.E.,  so  that 
I  and  any  earlier  writers  who  used  magnetic  bearings  are  accurate 
in  speaking  of  "  northern  and  southern  "  bluffs.  Can  it  be  that 
Professor  Bonuey  is  treating  our  magnetic  bearings  as  if  they  were 
geogpraphical,  and  supplying  an  instaijce  of  the  very  confusion 
I  sought  to  forestall  by  a  note  obviously  addressed  to  the  general 
public.  (Professor  Bonney  affects  to  regard  it  as  addressed  to  him 
personally,  but  1  can  assure  him  that  the  paper  by  him  and  Mr.  Hill 
gave  rise  to  no  alteration  in  the  form  or  substance  of  mine.)  On  the 
East  Coast  it  is  in  any  case  natural  (and  not  inaccurate)  to  speak  of 
points  along  the  coastline  as  north  and  south,  while  they  are  no 
nearer  due  east  and  west  than  10°-15°  E.  of  S.E  indicates. 

I  am  less  fortunate  than  Professor  Bonney  in  having  only  found 
one  place  where  the  foreshore  chalk  has  a  skin  of  boulder-clay,  the 
plastii  clay  having,  under  pressure  from  the  cliffs  above,  crept  over 
the  chalk  for  a  few  yards  in  a  depression.  It  seems  a  very  natural 
thing  to  happen. 

Professor  Bonney  has  not  fully  grasped  my  theory  as  to  his  blocks 
A,  C,  and  E.  I  believe  that  the  eroded  surface,  unconformable  to 
the  lines  of  flint,  of  the  Ostrea  lunata  chalk  in  these  three  blocks 
was  formed  in  Cretaceous  times,  and  then  still  in  Cretaceous  times 
the  grey  chalk  was  deposited  on  it,  most  thickly  in  the  hollows, 
e.g.  between  C  and  E,  and  in  the  pocket  in  the  seaward  face  of  A 
shown  by  my  figs.  13  and  16.  On  this  theory  no  twisting  of  the 
grey  chalk  is  required,  nor  is  there  any  difficulty  in  its  occurring 
still  at  the  top  and  bottom  of  the  sloping  face  of  C.  (As  I  have 
stated,  it  formerly  covered  the  whole  of  this  sloping  face  and  was 
continuous  above  the  sand  with  the  grey  chalk  in  E.) 
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I  do  not  know  with  whom  Professor  Bonney  is  argaing  that  it  is 
«  more  probable  "  that  the  thin  slab  is  a  separate  boulder.  I  dearly 
stated  this  as  my  view  (and  see  my  fig.  17). 

As  to  the  grey  chalk,  I  hold  it  to  be  of  Cretaoeous  age  because  the 
soft  matrix  contains  a  pure  Cretaceous  fauna  very  abundant  both  in 
species  and  individuals,  many  of  the  perfect  or  well-preserved 
specimens  being  so  delicate  that  the  presence  of  one  in  a  remanii 
deposit  would  be  very  remarkable,  and  the  presence  of  two  almost 
miraculous.  Apart  from  the  basement  bed  and  the  intimate  mixture 
of  very  fine  clay  which  causes  the  greyness,  the  grey  chalk  is 
absolutely  pure  throughout  the  thickness  (maximum  eleven  feet) 
which  has  been  exposed  at  the  North  BluC  This  makes  a  strong 
prtmd  facie  case  as  yet  unanswered.  I  have  also  good  ground  to 
believe  that  Clement  Heid's  sandy  bed  (which  I  have  already  found 
lying  unconformably  on  OBtrea  lunaia  chalk)  is  the  basement  bed  of 
the  grey  beds  which  on  the  foreshore  crop  out  from  under  Ostrea 
lunaia  chalk,  and  are  not  only  identical  with  the  grey  chalk  of  the 
blu£f  in  appearance,  fossil  contents,  and  peculiar  flints,  but  are  also,  as 
I  can  now  say,  the  only  other  beds  in  which  I  have  found  Terehratula 
oheBa,  Ostrea  iuaquicoBtata^  or  Ostrea  canaliculata.  The  significance 
of  this  is  obvious. 

Professor  Bonney  ignores  the  direct  evidence  as  to  the  North  Bluff 
and  presumptive  evidence  as  to  the  South  Bluff  that  they  are  in 
direct  physical  connection  with  large  masses  of  the  foreshore  chalk, 
and  abstains  from  discussing  any  palseontologioal  evidence  or  the 
behaviour  of  the  foreshore  chalk.  This  of  course  simplifies  the 
criticism  of  a  theory  based. almost  wholly  on  those  three  classes  of 
evidence,  but  which  when  formed  proved  capable  of  application  to 
the  special  case  of  the  North  Bluff. 

It  may  be  well  to  take  this  opportunity  to  point  out  (to  the  general 
public)  that  the  arch  sketched  by  Professor  Bonney  was  formed  in 
March  last,  and  is  not  the  arch  of  Ostrea  lunata  chalk  and  grey  chalk 
over  a  pinnacle  of  clay  referred  to  in  my  paper,  and  which  was 
broken  through  on  the  Ist  October,  1905.  His  line  g  is  the  coarse 
basement  bed  of  the  grey  chalk,  the  continuation  of  which  on  the 
opposite  side  of  the  arch,  where  it  is  less  coarse,  he  has  missed. 

Mr.  Jnkes-Browne*8  letters  leave  untouched  my  original  propbsition 
that  Terehratulina  striata  is  the  best  zone  fossil.  I  am  also  still 
unready  to  admit  that  it  is  logical  to  combine  several  beds  easily 
distinguishable  palaeontologically  or  lithologically,  often  in  both 
ways,  in  one  zone  on  the  strength  of  a  common  peculiar  fauna,  and 
then*  to  name  the  zone  from  a  fossil  which  is  most  capriciously 
restricted  to  some  only  of  these  beds.  The  characteristic  assemblage 
of  fossils  he  quotes  in  the  Survey  Memoir,  vol.  iii,  p.  12,  can  only  be 
obtained  in  the  Ostrea  lunata  bands,  if  in  all  of  them, 

R.  M.  Bbtdone. 

16,  South  Audley  Stkeet,  W. 
9th  October,  1906. 
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I. — The   Antarctic    Ice-oap. 

By  H.  T.  Ferrab,  M.A.,  F.G.S.. 

Geologist  to  the  late  '*  DiscoTery  "  Antarctio  ExpeditioDy 
of  the  Surrey  Department,  Cairo. 

IN  a  reoent  namber  of  the  Gkolooioal  Magazine,  Deo.  Y,  Vol.  Ill, 
March,  1906,  p.  120,  there  is  an  article  by  Prof.  E.  H.  L.  Sohwarz 
which  deals  with  the  thickness  of  ice-caps  during  the  various  QIacial 
periods.  At  the  outset  Professor  Schwarz  takes  the  data  furnished 
by  Captain  Scott's  narrative  of  the  voyage  of  the  ''  Discovery  "  as  the 
main  sapport  of  the  physicists'  contention  that  an  ice-sheet  cannot 
exceed  1,600  feet  in  thickness. 

It  is  true  that  at  the  present  day  no  ice  more  than  1,600  feet  has 
been  recorded.  Dr.  Nansen  estimates  the  thickness  of  the  Greenland 
ice-sheet  to  be  nearly  four  times  that  amount,  and,  judging  by  the  size 
of  the  icebergs  said  ^  to  have  been  met  with  in  the  Southern  seas, 
maintains'  that  the  Antarctic  Ice-cap  must  attain  a  very  great 
thickness.  These  estimates,  however,  may  be  neglected,  as  the 
recent  expeditions  seem  to  show  that  the  size  of  icebergs  recorded 
in  the  Antarctic  seas  has  been  exaggerated.  Both  Yon  Drygalski' 
and  Captain  Scott*  show  that  in  times  past  the  ice-caps  of  Greenland 
and  South  Victoria  Land  respectively  attained  a  much  greater 
thickness  than  they  do  now,  and  if  we  wish  to  prove  that  ice-sheets 
ever  exceeded  the  1,600  feet  limit  we  have  only  the  traces  left  by 
previous  Glacial  periods  to  fall  back  upon. 

The  thickness  of  an  ice-sheet  or  iceberg,  estimated  by  means  of 
the  unsubmerged  height,  is  only  very  approximate.  Von  Drygalski 
gives  300  feet  as  the  maximum  height  above  water,  and  maintains 
that  any  iceberg  which  is  higher  than  300  feet  must  have  turned 
over.     In  high  latitudes  the  air  is  commonly  misty,  though  in  certain 

^  H.  C.  Russell :  Journal  of  the  Royal  Society  of  New  South  Wales,  vol.  xxxi 
(1897),  p.  241,  reference  number  172. 
»  Xansen :  Nature,  vol.  Ivii  (1898),  p.  424. 
>  Drygalski :  Greenland  Expedition,  p.  33. 
*  Scott:  Geog.  Journ.,  Apnl,  1905,  p.  360. 
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localitieB  alear  bright  days  predominate :  nnder  thee«  oonditions,  wlien 
no  ahadowB  are  produced,  it  ia  exceedingly  difGoult  to  be  oertun 
whioh  was  originally  the  upper  Burfaoe  of  a  disint^rated  iceberg. 
The  aooompanying  illustration  shows  an  iceberg  eatitnated  to  be 
200  feet  high  whioh  still  has  a  portion  of  its  original  upper  eurraoe 
iataot  If  this  ^rtion  were  removed  it  woald  be  extremely  difficult 
to  make  snre  whether  the  hei^  had  turned  over  or  not.  To  tirgae 
that  Buch  icebergs  as  those  figured  in  a  great  number  of  publicatioaa 
hare  alt  turned  over,  is  hardly  safe,  especially  as  bodies  with 
diameters  of  unequal  length  appear,  in  the  majority  of  cosea,  to  float 
with  the  longer  diameter  horizontal.  It  therefore  seems  highly 
improbable  that  a  berg  would  increase  its  height  by  turning  over. 

A  berg,  however,  may  iaorease  ita  height,  and  probably  often  does 
BO,  iu  the  following  way.  A  newly  calved  iceberg  usually  hs« 
vertical  sides  ;  the  waves  heat  against  these  and,  nndermining  them, 


Fio.  I  .—An  iceberg  which  hue  turned  tlu\iugh  ii««rlj  90°. 

oause  pieces  to  split  off.  Tliis  splitting  will  probably  take  place 
along  vertical  planes,  parallel  to  inherent  planes  of  weakness,  and 
this  undermining  is  accelerateil  by  the  temperature  of  the  wat«r  at 
the  surface  being  raised  by  railiant  heat  from  the  sun.  The  visible 
part  of  the  berg  will  thus  ba  reduced  in  mass,  and  consequently  the 
berg  will  vise.  Tliat  thie  is  a  common  oocurrence  may  be  seen  in 
almost  any  of  the  narratives  of  polar  voyages,  where  one  constantly 
fiuds  references  to  the  toe  of  nn  icebei^. 

For  icebergs  floating  freely  in  the  sea.  Von  Drygalski  gives  the 
proportion  of  normal  glacier  ice  above  wafer  to  ice  below  water  as 
1  ia  to  4.  Kiiik '  makes  the  proportion  as  1  is  to  6;  Steenstrup  m 
1  ie  to  7  ;  Sir  John  Murray  as  1  is  to  7  ;  and  Scott '  as  1  is  to  5.  The 
cannonading  performed  upon  an  iceberg  by  H.M.S.  ''  Cballenger," 
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■bowed  that  tLe  density  is  not  aniform.  Our  experience  upoD  the 
Bobs  loe-sheet  proYed  that  nonnal  glacier  ioe  oould  be  oapped  by  any 
tfaiokneu  of  firn  or  loose  snow ;  siid  therefore  of  two  l>ergs  with 
oqtial  Yolumes  immersed,  if  tlie  visible  pari  of  one  consisted  wholly 
of  snow  and  that  of  the  other  wholly  of  ice,  the  ratios  of  the  visible 
to  the  sabmerged  portions  would  be  widely  different.  Again,  the 
temperature  and  salinity  of  the  sea-water  have  some  effect  in  buoying 
up  ttie  ioe,  but  this  may  be  neglected.  However,  the  aeration  of  the 
ioe  Taries  greatly,  but  for  normal  glacier  ice  Holland  gives  0886  as 
die  speoifio  gravity,  while  my  results  show  a  specific  gravity  of  0-83. 
Therefore,  in  Antarotio  sea-wator  with  an  average  density  of  1026 
grammes  per  onbio  oentiraetre,  glacier  ioe  would  float  with  four  pails 
immersed  and  one  visible.  This  figure  agrees  closely  with  the 
reaalta  of  Von  Drygalski  and  Captain  Scott  obtained  by  actual 
s  at  glaoier  snouts.    The  greatest  ioe-oliff  observed  by 


Fio,  2. — Ttie  edge  of  the  Kosa  Ice-sheet  dcbt  the  point  where  it  is  thiclcmt. 


the  staff  of  the  "  Discovery  "  was  the  edge  of  the  Ross  Ice-sheet 
floating  in  the  vicinity  of  Cape  Crozier.  The  height  here  was  240 
feet  and  the  depth  of  water  4G0  fathoms.  As  the  surface  here  was 
unbroken  and  the  cliff-face  uncrevassed  (see  Fig.  2],  it  is  hardly 
likely  that  this  extreme  thicktieBs  was  produced  by  pressure  as 
Professor  Schwarz '  suggHsts. 

The  question  as  to  the  limit  of  1,600  feet  being  ezoeeded  depends, 
as  Professor  Sohwarz  rightly  points  out,  upon  the  temperature  of  the 
lower  surface  of  the  ice  being  below  its  melting-point.  As  far  as 
I  remember,  the  figure  1,600  feet  is  the  height  of  a  column  of  ice 

1  Schwan :  Geol.  M&o.,  Deo.  V,  Vol.  Ill,  March,  1006,  p.  122. 
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whioh  would  by  its  own  pressure  liquefy  its  sole  if  the  temperature 
were  1  degree  Fah.  below  its  normal  melting-point,  and  therefore 
the  limiting  thickness  of  1,600  feet  is  far  above  the  maximum  for  ice 
resting  on  land  at  the  melting-point  of  ioe. 

At  the  **  Discovery's  '*  Winter  Quarters,  under  the  shadow  of 
Mount  Erebus,  latitude  77""  51'  S.,  longitude  166''  45'  E.,  the  mean 
annual  temperature  was  —4*6°  F.,'  and  hence  the  point  where 
a  temperature  of  32°  F.  would  be  found  must  be  below  the  surface. 
YHiether  this  point  be  well  below  the  sole  of  the  thickest  ioe  has  not 
been  determined,  but  as  the  glaciers  are  practically  stationary  their 
ioe  must  be  out  of  reach  of  this  temperature.  A  series  of  observations 
of  the  temperature  of  glacier  ioe  at  fixed  depths  was  made.  The 
observations  were  commenced  in  April,  after  the  temperature  of  the 
ioe  had  begun  to  fall,  and  extended  throughout  the  following  Winter 
and  Summer,  until  the  month  of  February,  when  the  ensuing  &11  of 
temperature  due  to  the  increasing  cold  began.  The  highest 
temperature  recorded  at  a  depth  of  six  feet  was  —  9°  C.,  and  the 
lowest  —  24'4°C. 

The  large  difference  between  the  maximum  and  minimum 
temperatures  recorded  below  the  ioe  and  the  lag  caused  by  the 
six  feet  of  ice  would  seem  to  show  that  the  point  which  is  not 
influenced  by  seasonal  variations  is  still  deeper  down.  Now  if  we 
take  a  value  once  adopted  by  a  British  Association  Committee  for 
the  earth's  mean  temperature  gradient,  we  get  a  rise  of  l^F.  for 
every  64  feet  increase  of  depth.  Therefore,  for  a  rise  of  36  Fahrenheit 
degrees  (our  mean  annual  temperature  below  the  freezing-point)  the 
32°  F.  isothermal  would  be  at  least  2,300  feet  below  the  surface. 
On  the  inland  ice  Captain  Scott's  observations  show  temperatures 
of  10°,  15°,  or  even  20°  below  those  registered  simultaneously  at 
Winter  Quarters.  Therefore  the  mean  annual  temperature  on  the 
inland  ice  would  be  below  the  mean  at  Winter  Quarters  and  the 
82°  F.  isothermal  surface  proportionally  lower  down. 

Yon  Drygalski's  results  point  to  the  same  conclusion,  but  it  must 
oe  remembered — (a)  that  some  of  his  temperatures  were  recorded 
from  crevasses  which  were  open  to  the  air  and  to  water  during  the 
Summer  thaw ;  (6)  that  in  Greenland  during  Summer  the  air 
temperature  remains  above  the  freezing-point  of  ice  for  several 
weeks,  and  often  rises  8  or  10  degrees  above  that  point. 

Professor  Schwarz  does  not  seem  wholly  in  favour  of  the  view 
that  a  warmer  climate  in  the  Antarctic  would  produce  a  thickening 
of  the  ice-cap,  suflScient  to  exceed  the  physical  limit.*  The  Qermau 
Antarctic  Expedition  and  other  earlier  expeditions  which  remained 
near  the  Antarctic  Circle  record  a  great  snowfall  as  compared  with 
that  experienced   by  the  British   Expedition   in   higher   latitudes. 

^  All  the  temperatures  quoted  are  our  uncorrected  Talues.  Heference  should 
he  made  to  the  "biscovery"  Reports  on  Geology  and  Heterology,  which  are  to  he 
puhlished  hy  the  British  Museum  (Natural  History)  and  the  Meteorological  Office 
resnecti  vel  v 

2  Tyndali:  "Heat  a  Mode  of  Motion,''  1898,  11th  edition,  p.  231  £f. ;  •*The 
Forms  of  Water,"  1892,  11th  edition,  p.  164. 
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The  amoant  of  bqow  on  Soath  Yiotoria  Land  was  observed  to 
diminish  in  quantity  as  the  "  Discovery  "  steamed  south  along  the 
coast,  and  in  latitude  77^  South  the  glaciers  were  found  to  be 
retreating.  By  means  of  graduated  stakes  (snow-gauges)  and  blocks 
of  Ice  exposed  to  the  air  throughout  the  year,  it  seems  to  be 
established  that  the  ablation  of  the  ice  is  greater  than  the  precipitation. 
The  mean  temperature  for  the  two  Summer  months  was  —  4'8^  C,  and 
it  was  only  when  the  sky  became  overcast  and  the  air  temperature 
rose  a  degree  or  two  above  the  mean  that  any  measurable  quantity 
of  snow  fell. 

It  is  as  evident  to  those  of  us  who  have  been  in  high  latitudes  that 
the  isotherm  of  O^C.^  (which  is  near  the  Antarctic  Circle)  is  an 
effective  barrier  to  the  transport  of  snow  to  higher  latitudes ;  as  it  is 
evident  to  those  who  have  been  on  both  coasts  of  Ireland,  on  the 
south  coast  of  Africa  and  the  Karroo,  that  the  mountains  are  a  shield 
and  cut  off  the  rain  from  districts  further  inland.  Professor  Sohwarz 
uses  the  argument  that  a  high  temperature  during  maximum 
glaciation  will  consequently   produce    more    running   water,  and 


Fio.  3. — The  inland  ice  falling  down  between  nunataks  from  the  inland  plateau. 
From  a  sketch  by  H.  T.  Ferrar,  greatly  reduced. 

attributes  the  deepening  of  glaciated  valleys,  not  to  the  greater 
power  of  the  ice,  but  to  that  of  sub-glacial  streams.'  If  this  is  so, 
then  the  deeply  incised  valleys  of  the  lioyal  Society  Range,  with 
their  stagnant  glaciers,  would  afford  additional  evidence  that  a  rise 
in  temperature,  and  consequently  a  southerly  migration  of  the  zone 
of  maximum  precipitation,  had  taken  place  at  some  former  period. 

In  his  article,  p.  123,  Professor  Schwarz  says  Scott  found  the 
highest  points  to  sink  below  the  horizon  directly  the  level  ice-cap 
was  reached.  Scott  expressly  says,  on  p.  414  of  his  narrative — 
«  when  we  reached  the  interior  plateau  at  a  height  of  8,900  feet  we 
observed  nunataks  to  the  north  standing  above  our  own  level.*' 
Mount  Lister  is  given  as  13,000  feet  high,  and  stands  on  the  edge  of 
the  plateau.  The  accompanying  Fig.  3  is  a  sketch  of  the  South 
Yiotoria  Land  ice-sheet  as  it  falls  together  and  becomes  moulded  into 
the  Ferrar  Qlacier.    The  height  between  the  graded  surface  of  the 

1  Buchan:  *'  Challenger  "  Rejxorts,  Physics  and  ChemiBtry,  plates. 
*  Qarwood :  Q.  J.G.S.,  vol.  Inii,  pi.  xl. 
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glaoier  and  the  plateau  is  nearly  1,000  feet.  Soott  points  oat  that 
this  land  at  the  hack  of  the  Royal  Society  Range  appears  to  be  higher 
than  that  to  the  north  or  to  the  south.  This  means  that  he  thinks 
the  Royal  Society  Range  is  the  end  of  an  elevated  mass  of  land,  with 
its  length  transverse  to  the  coastline  (i.e.  east  and  west),  and  that 
a  measure  of  the  thickness  of  the  Antarctic  Ice-cap  on  this  elevated 
transverse  ridge  would  therefore  be  inaccurate. 

That  Captain  Scott  found  it  approximating  to  the  physicists* 
maximum  limit  of  1,600  feet,  no  doubt  is  a  very  strong  argument  in 
favour  of  the  view  that  the  physicists*  extreme  limit  is  never  exceeded. 
But  when  I  repeat  that  the  glaciation  of  South  Viotoria  Land  is 
approaching  to  a  minimum,  and  that  all  glacialists  require  a  great 
thickness  of  ice  to  explain  the  phenomena  which  they  have  described, 
I  think  it  will  be  conceded  that — (a)  any  thickness  of  ice  may  be 
accumulated  so  long  as  the  loss  by  ablation,  melting,  and  discharge 
is  less  than  the  gain  by  precipitation ;  {h)  that  the  facts  noted  above 
are  more  in  harmony  with  the  glacialists*  requirements  than  with 
Professor  Schwarz' contention  that  the  physicists' theoretical  maximum 
of  1,600  feet  cannot  be  exceeded. 


II. — On  the  Intebolaoial  Question. 
By  T.  F.  Jamieson,  F.G.S. 

A  GREAT  difference  of  opinion  seems  to  exist  among  geologists, 
not  only  in  Britain  but  also  in  other  countries,  in  regard  to  the 
supposed  occurrence  of  warm  Interglaeial  periods  during  the  age  of 
ice.  Those  who  incline  to  the  views  propounded  by  Adhemar  and 
Croll  as  to  the  causes  which  produced  the  extraordinary  climate  of 
that  time  naturally  look  for  alternations  of  cold  and  warm  periods. 

Precession  of  the  equinoxes  and  variations  in  the  excentricity  of 
the  earth's  orbit  are  astronomical  facts  which  must  have  had  their 
influence,  and  the  changes  they  might  bring  about  in  the  direction 
and  force  of  ocean  currents,  to  which  Croll  attributed  so  much 
importance,  have  also  to  be  considered.  These  astronomical  causes 
and  their  accompaniments  are  not  to  be  ignored,  but  their  precise 
effect  upon  the  climate  of  the  period  in  question  is  still  a  matter  of 
much  uncertainty  and  one  in  regard  to  which  our  knowledge  has 
made  very  little  progress. 

Mr.  Lamplugh,  in  his  recent  address  to  the  Geological  Section  of 
the  British  Association,  la3'8  much  stress  on  the  absence  of  any 
clear  evidence  of  warm  intervals  or  even  of  one  such  interval  in  the 
British  Islands,  and  as  no  one  is  better  acquainted  with  the  drift 
beds  of  England  his  opinion  must  have  much  weight. 

It  seems  to  me  that  there  is  one  important  circumstance  which 
may  have  led  to  this  obscurity  and  which  has  not  received  the 
consideration  it  deserves,  and  that  is  the  persistence  of  the  vast 
masses  of  ice  which  accumulated  during  the  intensity  of  the 
glaciation,  and  the  consumption  of  heat  required  to  dispel  them. 
The  Scandinavian  glacier  alone  seems  to  have  spread  out  in  some 
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directions  fully  1,000  miles,  and  muoh  of  its  thickness  mast  be 
reckoned  in  thousands  of  feet,  llie  North  American  ice  perhaps 
attained  even  greater  proportions.  Just  think  of  the  amount  of  heat 
and  the  time  it  would  take  to  thaw  such  masses.  There  is  a  hug^ 
difference  between  snow  and  ice  in  this  respect.  Snow,  especially 
when  newly  fallen,  thaws  rapidly,  but  ice  does  not.  It  melts  with 
extreme  slowness,  and  so  long  as  the  tliaw  was  going  on  and  much 
of  the  ice-sheet  remained,  the  temperature  of  the  air  in  Northern 
Europe  and  America  would  not  rise  to  any  great  degree.  The 
accumulation  represents  a  storage  of  cold  daring  thousands  of  years, 
and  the  probability  seems  to  be  that  the  returning  heat  brought 
about  by  the  precession  of  the  equinoxes  would  not  always  be  able 
to  dispel  the  vast  masses  of  ice  left  on  the  land  by  the  preceding 
period  of  glaciation.  In  short,  the  heat  would  all  be  spent  in  but 
a  partial  melting  of  the  glacial  covering.  Consequently  the 
temperature  in  many  places  would  never  rise  so  far  as  to  cause 
a  complete  reversal  of  climate,  and  thus  no  clear  evidence  of  an 
interglacial  warm  period  would  be  found,  but  merely  indications  of 
a  large  retreat  of  the  ice-front.  Croll,  it  is  true,  did  not  take  this 
view  of  the  matter,  for  he  conceived  that  the  reversal  of  climate 
would  be  complete,  and  that  the  ice  would  wholly  disappear  from 
one  hemisphere  when  the  other  was  under  glaciation.  In  this, 
however,  I  think  he  may  have  been  mistaken.  At  any  rate,  we 
have  no  certainty  that  such  would  be  the  case. 

Now,  in  the  north  of  Scotland  we  can  show  that  the  basin  of  the 
Moray  Firth  was  at  one  time  filled  with  ice  to  such  an  extent  that 
the  right  fiank  of  the  mass  flowed  eastward  along  the  coast  of  Moray 
and  Banff  and  then  wheeled  round  the  corner  of  Aberdeenshire, 
where  it  appears  to  have  surmounted  a  hill  769  feet  high  ;  while  its 
left  flank  in  like  manner  turned  round  over  the  lower  part  of 
Caithness,  overflowing  hills  there  some  hundreds  of  feet  in  height, 
and  producing  the  shelly  boulder-clay  of  that  district.^  All  this 
implies  a  thickness  of  ice  in  the  basin  of  the  firth  to  be  measured  by 
thousands  of  feet.  Now  we  have  further  evidence  that  this  great 
mass  of  ice  afterwards  disappeared,  and  that  sea-water  itihabited  by 
mollusca  of  a  northern  type  occupied  the  basin  up  to  the. very  top  at 
Inverness.  The  Northern  and  even  Arctic  character  of  many  of  the 
species  found  in  these  shell-beds  seems  to  shoW  that  although  an 
enormous  amount  of  heat  must  have  been  long  in  action  to  dissipate 
such  a  mass  of  ice,  yet  this  heat  was  not  sufficient  to  introduce 
a  decidedly  warm  climate,  at  any  rate  so  far  as  the  temperature  of 
the  sea-water  was  concerned ;  nor  has  any  evidence  as  yet  been 
obtained  in  the  district  to  indicate  a  warm  temperature  on  the  land. 
This  episode  of  an  interglacial  occupation  of  the  Moray  Firth  basin 
by  sea- water  inhabited  by  mollusca  of  a  northern  type  was  afterwards 
followed  by  a  return  of  the  glacier  in  great  force,  which  destroyed 
the  shell-beds  and  covered  them  with  heavy  masses  of  boulder-clay, 
as  we  see  at  Clava  and  elsewhere. 

^  Journal  of  the  Geol.  Soc,  vol.  Ixii,  p.  13,  Feb.,  1906.  T.  F.  Jamieson  on  the 
Glacial  period  in  Aberdeenshire  and  the  Southern  border  of  the  Moray  Firth. 
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Here,  then,  it  seems  to  me  we  have  a  case  in  point,  affording  good 
evidence  of  an  interglacial  period  with  abundance  of  heat,  and  yet 
not  enough  to  cause  a  decided  reversal  of  climate,  but  only  sufficient 
to  clear  out  the  heavy  mass  of  ice  which  filled  the  basin  of  the 
Moray  Firth.  Such  a  result  certainly  could  not  have  been 
aocomplished  without  the  expenditure  of  an  enormous  amount  of 
heat,  which  in  districts  where  there  was  no  ice  to  dispel  would  have 
produced  a  decidedly  warm  climate.  During  the  thawing  of  the  ioe 
and  its  reduction  into  ice-cold  water  the  air  would  remain  cold,  and 
not  until  the  ice  had  completely  disappeared  would  the  climate 
become  genial.  Before  this  could  happen  in  the  Northern  districts 
the  interglacial  spell  of  warmth  might  be  passing  away,  and  hence 
no  genial  climate  would  result. 

Ellon,  Abb&dbbnshirb. 


III. — On  thk  Origin  of  certain  Lateritks. 
By  Malcolk  Maclahen,  B.Sc,  F.G.S. 

rpHE  various  views  put  forth  prior  to  1893  to  account  for  the 
J.  origin  of  Indian  laterites  have  been  clearly  and  sufficiently 
discussed  in  Oldham's  edition  of  Medlicott  &  Blanford's  Manual 
of  the  Geology  of  India  (pp.  369  et  seq.).  Since  that  year  the 
only  contribution  of  importance  to  the  literature  of  lateritio  genesis 
in  India  is  a  paper  by  Mr.  Thos.  H.  Holland,  F.R.S.,  the  present 
Director  of  the  Indian  Geological  Survey,*  having  for  its  text 
the  conclusions  of  Bauer.^  In  it  the  author  suggested  that  laterite 
might  owe  its  origin  to  ''some  lowly  organism,"  but  no  sufficient 
data  were  advanced  in  support  of  the  suggestion.  Bauer*s  specimens 
indicated  a  certain  amount  of  dehydration  in  laterites,  and  this 
fact,  together  with  the  absence  of  hydration  products  from  certain 
peridotites  in  Southern  India,'  was  deemed  to  indicate  a  general 
dehydrrttion  for  the  bauxitio  laterites  of  the  Deccan.  The  gibbsite 
( Alg  O3, 3  Hg  0)  of  laterite  was  supposed  to  be  dehj^drated  to  diaspore 
(AI2O3,  HoO),  and  it  was  assumed  that  *Mhis  irregular  loss  of 
water  is  probably  the  cause  of  variation  in  bauxite."* 

To  account  for  the  energy  necessary  for  dehydration  the  ingenious 
theory  of  the  possible  superiority  of  "  crystalline  affinity  "  over 
"  chemical  affinity  "  was  developed  (loc.  cit.,  p.  69),  and  the  con- 
clusion was  drawn  that  *'  limonite  and  gibbsite  must  be  regarded  as 
unstable  at  tropical  temperatures."* 

Of  late  years  valuable  analytical  researches  on  'the  constitution  of 
laterite  have  been  made  by  Dr.  Warth,'  who  may  justly  be  considered 

»  Geol.  Mao.,  Dec.  IV,  Vol.  X  (1903),  pp.  59-69. 

'  **  Beitrage  zur  Geologie  der  Seychellen  *' :    Neues  Jahr.  fur  Min.,  rol.  ii  (1898), 
p.  163. 

*  Geol.  Mao.,  Dec.  IV,  Vol.  VI  (1899),  pp.  31,  642. 

*  lb.,  Dec.  IV,  Vol.  X  (1903),  p.  er,. 

»  See,  however,  Gkol.  Mao.,  Dec.  IV,  Vol.  X  (1903),  p.  139. 
«  Min.  Mag.,  vol.  xiii  (1902),  p.  172.     Geol.  Mac,  Dec.  IV,  Vol.  X  (1903), 
p.  154  ;  ib.,  Dec.  V,  Vol.  II  (1905),  p.  21. 
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the  pioneer  in  the  inTestigation  of  the  nature  of  Indian  laterites, 
though  their  aluminous  character  had  years  before  been  suggested 
by  Mallet^  Various  analyses  have  also  been  made  from  time  to 
time  in  the  laboratory  of  the  Geological  Survey  of  India.' 

A  comprehensive  genetic  theory  of  lateritio  deposition  must  reason- 
ably aocount  for  any  or  all  of  the  following  features :  — 

(1)  The    restriction    of    the  deposition   of  laterites,   both   geo- 

graphically and  in  altitude. 

(2)  Their  general  superficial  occurrence. 

(3)  Their  internal  structure — porous,  vesicular,  pisolitic,  or  con- 

cretionary. 

(4)  Their  peculiar  composition  as  regards — 

(a)  The  essential  aluminous,  ferruginous,  or  manganiferous 

hydrates  or  oxides. 

(b)  The  general  presence  of  titanium  dioxide. 

(c)  The  general  absence  of  kaolin  or  silica. 

The  present  writer's  experience-  of  Indian  laterites  is  not  geo- 
graphically extensive,  but  is,  nevertheless,  fairly  varied,  including 
as  it  does  the  '  high4evel '  laterites  of  Chota  Nagpur,  Bengal,  of  the 
Southern  Maratha  country  on  the  edge  of  the  Deccan  Trap,  and  of 
the  Western  Ghats,  west  of  Belgaum,  and  the  *  low-level '  laterites 
of  the  Portuguese  territory  of  Goa  on  the  west  coast  of  the  peninsula. 
There  is  no  necessity  in  this  place  to  describe  the  physical  aspect  of 
laterite.  A  general  description  may  be  found  in  Oldham's  edition 
of  Medlicott  &  Blanford's  Manual  already  quoted,  and  for  fuller 
details  the  reader  may  be  referred  to  the  papers  of  Newbold ' 
and  of  Lake,^  which,  despite  the  age  of  the  former,  remain  by  far 
the  best  descriptions  of  *  high-level '  and  of  *  low-level '  laterite 
respectively. 

It  was  an  examination  of  sections  of  the  lateritio  manganese 
deposits  of  Talevadi,  on  the  edge  of  the  Western  Ghats  and  over- 
looking the  Goa  peneplain  2,500  feet  below,  that  first  suggested  the 
theory  of  lateritio  genesis  presently  to  be  outlined  (see  Fig.  I, 
p.  538).  There,  pits  in  search  of  manganese  expose  the  laterite  in 
process  of  formation  and  give  sections  of  some  30-40  feet  in  depth. 
The  bottom  of  a  typical  section  shows  a  white  decomposed  friable 
Bandy  rook  which,  from  exposures  elsewhere,  is  regarded  as 
a  decomposed  biotite-quartz  schist.  This  passes  upward  without 
any  abrupt  change  through  a  buff  sandy  clay  to  a  reddish  buff, 
soft  rock  containing  small  indistinct  ferruginous  secretions  and 
minute  manganese  nodules.  As  the  surface  is  approached  the  rock 
gpradually  acquires  depth  in  colour,  while  the  contained  manganese 
secretions  become  larger  and  better  defined  until,  at  the  surface, 
they  are  2-3  feet  across  with  a  like  depth.  With  increase  of 
ferruginous*  content,  the  rock  becomes  so  hard  that,  at  the  surface, 
it  is  often  necessary  to  use  explosives  to  disintegrate  it.      A  few 

»  Rec.  Geol.  Surv.  India,  vol.  xvi  (1833),  p.  113. 

'  lb.,  vol.  xxxiii,  p.  178. 

•  Joum.  As.  Soc.  Bengal,  vol.  xiii  (1844),  p.  990. 

*  Mem.  Oeol.  Surv.  India,  vol.  xxiv  (1890),  pt.  iii,  p.  17. 
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feet  below  it  can  be  cut  with  a  spade.  Through  the  manganese 
secretions  there  ramify  veinlets  of  gibbsite — Fig.  1  (1) — much  of 
it  of  metasomatio  replacement.  It  is,  consequently,  the  last 
deposited  product.  In  the  immediate  neighbourliood  of  the  mangaoi- 
ferous  laterites  the  writer  found  small  areas  of  high-grade  pisolitio 
bauxites.  There  are,  therefore,  in  this  neighbourhood  all  the 
ordinary  forms  of  laterite — ferruginous,  aluminous,  and  mangani- 
ferous.  The  last  has  not  generally  been  distinguished,  but  it 
cannot  be  dissociated  genetically  from  the  other  two.^ 

The  low-lying  country  of  Gk>a  between  the  coast  and  the  Deooan 
plateau  furnishes  extensive  deposits  of  *  low-level'  laterite,  partly 
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Fig.  1. — Typical  Section  of  Lat^'rite,  Talevadi,  Belgaum. 
(1)  rsilomelanc  ^"ith  gibbsite  veinlets. 

detiital  and  partly  secretionary  in  origin.  Examination  of  this  area 
elicited  no  further  data  than  were  collected  by  Lake  for  a  similar 
coastal  region  further  south  in  Malabar.^  Two  main  forms,  the 
vesicular  and  the  pellety,  were  distinguished.  The  latter  is  often 
partly  derived  from  the  erosion  of  the  former,  but  its  final  con- 
solidation and  cementation  is  due  to  the  same  agencies  that  gave  rise 
to  the  first  or  vesicular  form. 

The  rainfall  of  the  edge  of  the  Western  Ghats  and  of  the  Qoa 
country  ranges  from  120-180  inches  in  the  year,  but  falls  almost 


^  See,  however,  Mallet,  Rec.  Geol.  Surv.  India,  vol.  xvi  (1833),  p.  117;  Boee, 
ib.,  vol.  xxii  (1889),  p.  225.' 

'  Mem.  Geol.  Surv.  India,  vol.  xxiv  (1890),  pt.  iii,  p.  17. 
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entirely  from  Jane  to  October,  a  period  of  four  months.  At  Earwar, 
for  example,  rain  haa  fallen  on  72  sacoesBive  days,  and  yet  the  total 
number  of  rainy  days  in  the  same  year  has  been  no  more  than  120. 
The  average  shade  temperature  of  the  same  region  is  a  trifle  below 
80°  P.,  with  a  monthly  range  of  from  75°  to  84°  F.  With  such 
ninfall  and  temperature  vegetation  is  naturally  luxuriant,  especially 
in  the  lower-lying  regions.  During  the  cold  weather,  the  dry  field 
season  of  India,  little  or  no  idea  of  the  moisture  precipitation  of  these 
regions  can  be  gained.  Especially  is  this  the  case  on  the  higher 
lands.  The  Atli  laterite  plateau,  north  of  Castle  Rock,  when  seen  in 
January  was  a  dry  and  arid,  hopelessly  waterless,  area.  Fortunately 
the  exigencies  of  $hilcar  took  the  writer  over  the  same  area  in  late 
July.  The  plateau,  so  far  as  it  could  be  seen  for  the  driving  rain 
and  mist,  was  then,  to  outward  appearance,  a  morass,  though,  through 
its  thin  covering,  one  thankfully  felt  the  hard  laterite  crust  beneath. 
Periods  of  dessication  and  saturation  are  thus  very  well  marked. 

Regions  of  abundant  rainfall  in  tropical  climates  are  well  wooded, 
and  humus  being  always  abundant  the  proportion  of  carbon  dioxide 
in  solution  in  the  soil  is  correspondingly  high.  Boussingault  and 
Lewy  ^  show  that,  in  a  temperate  climate,  the  air  of  a  soil  rich  in 
humus  may  contain  more  than  one  hundred  times  as  mach  carbon 
dioxide  as  atmospheric  air.  Considering  the  greater  rapidity  of 
decay  and  chemical  change  in  tropical  regions,  this  factor  is  likely 
to  be  greatly  exceeded  in  India.  The  amount  of  silica  dissolved  in 
underground  waters  may  also  be  taken  as  a  measure  of  the  amount 
of  carbon  dioxide  in  solution,  and  Struve'  has  shown  that  the 
amount  of  s\)ica  thus  dissolved  is  much  greater  in  regions  of 
abundant  vegetation  than  in  those  where  it  is  absent  or  sparse. 

There  is  no  need  in  this  plaoe  to  discuss  at  length  the  action  on 
silicates  of  waters  containing  alkaline  carbonates  and  carbon  dioxide 
in  solution.  Bisohoff,  fifty  years  ago,  suggested  that  the  silicates 
were  decomposed  by  these  agencies,  and  Kahlenberg  and  Lincoln  ^ 
have  recently  shown  that  the  resulting  silica  separates  in  the  form  of 
colloidal  silicic  acid. 

The  normal  weathering  change  of  felspars  in  temperate  regions  is 
undoubtedly  to  kaolin,  as  indeed  is  sufficiently  indicated  by  the 
analyses  of  the  Rowley  Regis  dolerite  by  Dr.  Warth  *  in  connection 
with  this  very  subject.  The  general  equation  may  be  represented 
thus:  taking,  say,  albite  as  a  typical  felspar,  2NaAlSi3  0g'  + 
10  Hg  0  +  C  O2  =  H^  Alg  Sig  0»  +  Nag  C  O3  +  4  H^  Si  0^.  Where 
abundant  carbonates  are  produced,  as  is  apparently  the  general  case 
in  humid  India,  the  change  is  not  to  kaolin  but  rather  to  a  sericitio 
form  : »  thus,  i5  (Na  K)  Al  Sig  Og  +  10  H^  0  +  C  Go  =  (Na  K)  Hg  Al^ 
(Si  O4)  3  +  (Na  K)2  C  O3  +  6  H^  Si  0^ ;  and  herein  probably  lies  the 
explanation  of  the  general   absence  of  kaolinite   from  the  purely 

^  Quoted  by  Merrill :  **  RocVs,  etc.,"  p.  178. 

'  Pogg.  Annal.,  vol.  vii,  pp.  341,  429. 

3  Journ.  Phys.  Chem.,  vol.  ii  (1898),  pp.  77-90. 

*  Geol.  Mao.,  Dec.  V,  Vol.  II  (1905),  p.  21. 

^  Lindgren:  Trans.  Amer.  Inst.  M.E.,  vol.  xxz,  p,  61 1. 
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saperfioial  deposits  of  India,  though,  in  the  form  of  lithomarge  or 
halloysite,  it  occurs  in  ahundance  at  shallow  depths.^ 

The  equation  most  fitted  to  Indian  conditions  is,  however,  one 
more  in  accordance  with  the  general  conclusions  of  Kahlenberg  and 
Lincoln,  and  one  also  indicative  of  more  energetic  chemical  action  in 
the  presence  of  abundant  carbon  dioxide.  Here  the  silicates  are 
oompletely  decomposed,  all  the  silica  passing  off  as  colloidal  silicic 
acid.  The  action  may,  and  doubtless  often  does,  take  place  through 
an  intermediate  sericite  or  lithomarge  stage,  but  the  simplest  ex- 
pression is  adopted. 
2NaAlSi808  -f  ISHgO  +  C03  =  Al2(OH)g  H-  NagCOj  +  BH^SiO^. 

By  this  process  of  carbonation  aluminium  hydrate  may  similarly 
be  derived  from  any  other  of  the  felspar  family,  from  the  micas,  from 
the  felspathoids,  from  the  scapolites,  and  from  many  of  the  minerals 
of  contact  metamorphisin.  We  have,  therefore,  no  difficulty  in  finding 
an  origin  for  all  the  aluminous  hydrates  of  laterites.  By  carbonation 
also  ferrous  and  probably  manganese  carbonates  in  like  manner  result 
from  the  decomposition  of  the  ferro-magnesian  silicates.  It  is,  of 
course,  not  insisted  that  any  of  the  resulting  compounds  are  definitely 
formed,  but  rather  that  they  are  merely  potential  salts  in  ionized 
solutions. 

So  far  the  equations  given  are  in  accordance  with  numerous  data 
and  with  generally  acce[)ted  principles.  The  origin  of  the  ilmenite 
and  titanic  acid  met  with  in  most  laterites  is  by  no  means  so  clear, 
but  it  may  at  once  be  conceded  that  their  manufacture  is  certainly 
a  task  from  which  even  the  stoutest-hearted  of  bacteria  might  recoil 
without  incurring  the  odium  of  pusillanimity.  Data  cpncerning  the 
alterations  of  titaniferous  minerals  are  scanty.  liutile  and  ilmenite 
may,  as  suggested  hy  Van  Hise,^  be  derived  from  original  sphene : 

(1)  CaTiSiOg  -f  COo  =  CaCOj  -f  Ti  Go  +  Si  Oo  ; 

(2)  TiOg  +  FeCOg  ^  FeTiOg  +  COo*: 

the  last  equation  being  reversible.  A  careful  examination  of  thin 
sections  failed  to  reveal  any  leucoxene  in  the  laterite,  but  this  form 
of  titanic  acid,  unless  under  exceptional  conditions,  would  be  dis- 
tinguishable with  great  difficulty  from  the  bauxite  matrix. 

Titanic  acid  is,  however,  b}'  no  means  confined  to  laterites  and 
bauxites  among  superficial  deposits.  The  extensive  soil  analyses  of 
Dunningtou^  showed  its  presence  in  all  the  72  soils  gathered  from 
many  parts  of  the  world  and  examined  by  him.  The  average  per- 
centHge  of  Ti  Og  obtained  for  the  whole  series  was  '95.  When  to 
this  normal  percentage  is  added  that  collected  by  the  exceptional 
facilities  enjoyed  by  laterites  for  selective  segregation,  the  high 
percentage  contained  by  many  bauxites  is  perhaps  no  matter  for 
surprise. 

We  have  thus  derived  by  the  agency  of  carbonating  waters  from 

*  [A  more  satisfactory  formula  to  represent  the  process  of  sericitization  in  alkali 
felspars  is  that  griven  by  Van  Ilise  (Metamorphism,  p.  254)  :  3  K  Al  Sij  0,^+  Hi  0  + 
C  ()2  K  H.  AI3  Sia  0,2  +  6  Si  O2  +  K2  ^  O3.— Edit.  Geol.  Mao.] 

a  U.S.  Geol.  Sun-.,  Mon.  47  (1904),  p.  227. 

*  Amer.  Journ.  Sci.,  vol.  xlii  (1891),  p.  491. 
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nnderljing  or  adjacent  rook  maaaea,  in  solution,  and  probably  in> 
ionized  solution,  all  the  materials  essential  to  the  formation  of 
laterite.  lliere  is  now  to  be  considered  the  machinery  necessary 
to  bring  it  to  its  resting-place  at  the  surface.  The  conditions  of 
snoceasive  dessication  and  saturation  in  regions  of  lateritic  growth 
have  already  been  indicated.  During  the  former  period  the  motion 
of  ground  waters  is  always  from  the  region  of  greater  to  the  region 
of  lesaer  humidity,  or,  in  this  case,  upward  to  the  surface.  Upward 
tranamiasion  is  effected  entirely  by  molecular  attraction,  resulting 
where  conditions  are  favourable  in  capillary  motion,  that  directly 
doe  to  dessication  being  intensified  by  the  needs  of  forest  rootlets. 
The  potency  of  capillary  transmission  may  be  gathered  from  the 
experiments  of  King,^  who  showed  that  molecular  attraction,  acting- 
in  capillary  openings  in  a  porous  rock,  was  capable  of  raising  fronv 
a  depth  of  four  feet  an  amount  of  water  equivalent  to  an  annual 
rainfall  of  63*85  inches.  The  larger  tubes  anastomosing  in  laterite 
have  often  been  described,  and  microscopic  examination  of  both 
ferroginous  and  aluminous  laterites  discloses  numerous  tubular 
openings  both  capillary  (*0002-'508  mm.)  and  super -capillary 
(exceeding  *508  mm.). 

With  the  approach  of  ground  waters  to  the  surface  and  their 
conaeqnent  super-saturation  in  the  dessicated  region,  separation  of 
the  contained  solids  takes  place,  at  first,  it  would  seem,  on  the  tube 
walls  and  around  pisolites.  The  minute  tubes  in  the  matrix  of  most 
laterites  render  it  probable  that  some-  moisture  passes  entirely 
through  the  laterite  crust  and  that  a  slight  deposition  takes  place  on 
the  laterite  surface  exposed  directly  to  the  atmosphere,  but  by  far  the- 
greatest  amount  of  deposition  must  take  place  on  the  under  side  of 
the  hard  surface  crust.  During  the  dry  season  the  whole  of  the^ 
contained  load  of  the  upward  moving  waters  is  thus  deposited. 
There  is  at  that  time  in  the  dessicated  rook  and  soil  but  little 
metasomatic  replacement,  though  segregation  may  readily  take  place 
as  the  solutions  become  more  and  more  concentrated.  During  the 
period  of  saturation,  however,  all  soluble  constituents  deposited 
during  the  previous  dry  season  are  dissolved  and  carried  away. 
The  insoluble  constituents  are  thus  left  to  obey  in  a  moisture- 
saturated  soil  their  natural  laws  of  growth.  They  are  further 
segregated,  and  deposited  in  most  cases  as  fine  bands  around  already 
formed  concretions.  Segregative  action  is  well  marked  in  the 
Talevadi  sections,  the  lower  zones,  nondescript  in  colour  and  com- 
position, passing  upwards  into  well-defined  ferruginous  laterite, 
manganese  ore  (mainly  psilonielane),  pure  bauxite,  and  gibbsite. 

In  the  ordinary  course  of  formation  of  laterite  a  surface  crust  ia 
first  formed  which  increases  in  purity,  hardness,  and  depth  with 
every  successive  dry  season.  The  depth  and  hardness  of  the  hard 
unaltering  layer  may,  therefore,  in  areas  in  which  laterite  is  still 
being  formed,  be  some  measure  of  the  age  of  the  deposit.  All 
stages  are  met  with.  At  Talevadi  the  hard  crust  is  two  to  three 
feet   thick,    in   the  Central   Provinces   it   is   often   20-30   feet    in 

1  U.S.  Geol.  Sury.,  19th  Ann.  Eep.  (1899),  pt.  ii,  p.  85. 
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thiokneM,  while  in  Goa  it  may  often  be  cut  from  the  taifaoe  with 
a  spade. 

From  the  foregoing  it  is  evident  that  laterite  most  be  regarded. 
Dot  as  the  direot  product  of  the  decomposition  of  a  rock  »  aitik,  bat 
essentially  as  the  replaeemeat  of  such  a  decomposition  prodod,  for 
though  the  ground  waters  may  hare  derived  their  mineral  content 
from  the  underlying  rock,  they  may  also  haTc  broogfat  it  from 
sources  widely  separated.  A  laterite  may  thus  resolt  from  the 
individual  or  combined  decomposition  of  basalts,  gneisses,  or  achists, 
and  there  may,  in  its  hardened  upper  surface,  be  no  particle  of  the 
rock  whose  former  place  it  now  occupies. 

The  assertion  of  a  previous  writer  ^  that  there  always  ia  a  sharp 
change  from  the  soft  decomposition  product  beneath  laterite  to  the 
absolutely  fresh  rock  below  is  not  borne  out  by  field  sedionsL  Soch 
sharp  changes  certainlv  do  occur,  but  they  are  exceptional,  and 
occur  only  where  the  laterite  is  'low-level'  recemented  detritos,* 
or  occasionally  where  laterites  overlie  difficultly  deoompoaable  beds 
in  the  Deccan  Trap.  In  the  latter  case,  the  downward  rate  of 
weathering  of  the  trap  is  inversely  as  the  lateritization.  ainoe, 
generally  speaking,  with  increase  of  the  latter,  flow  and  ingress  of 
surface  waters,  the  only  rapid  weathering  agent  in  the  case  of 
a  solid  homogeneous  basaltic  lava,  are  restricted.  A  sharply  defined 
boundary,  therefore,  indicates  the  horizon  at  which  the  downward 
lateritization  finally  overtook  the  downward  weathering. 

Under  the  replacement  hypothesis,  all  substances  dissolved  in 
the  ground  waters  should  be  brought  to  the  surface,  and  some 
explanation  of  the  absence  of  silica  from  lateritic  deposits  is, 
therefore,  necessary.  As  already  seen,  the  silica  formed  is  carried 
away  as  colloidal  silicic  acid,  on  the  instability  of  which  it  is 
unnecessary  to  dwell.  When  not  decomposed  by  simple  '*  chemical 
after-eifect,"  it  is  probable  tliat  the  bumic  acids  of  the  upper 
portion  of  the  zone  of  weathering  are  competent  to  change  its  state 
and  to  precipitate  it.  Precipitation  is  always  liable  to  take  place  in 
a  region  where  the  laws  of  mass-mechanical  action — to  which  silica 
in  solution  is  peculiarly  subject — may  operate.  That  much  of  the 
silica  formed  by  carbonation  is  thus  deposited  we  have  evidence  even 
in  the  lateritic  regions  of  the  Central  Provinces,  where  both  the 
Lnmetas  (Upper  Cretaceous)  and  the  underlying  crystalline  rocks 
iiave  been  so  thoroughly  silicified  as  to  render  it  often  impossible  to 
determine  whether  an  area  is  to  be  mapped  as  Upper  Cretaceous  or 
as  Archeean.^  Limestones  (both  Lameta  and  Archaean),  gneisses, 
and  pegmatites  are  there  so  completely  replaced  by  chert  that  only 
by  the  indications  of  the  original  structure  can  they  be  differentiated. 

Though  the  foregoing  explanation  of  the  absence  of  silica  is 
neither  full  nor  satisfactory,  yet  the  replacement  hypothesis  is  not 
thereby  vitiated,  since,  whatever  the  explanation,  the  facts  remain 
that  everywhere  immense  quantities  of  silica  are  being  dissolved, 

'  Gkol.  Mao.,  Dec.  IV,  Vol.  X  (1903),  p.  69. 

*  Lako:  Mem.  Gt-ol.  Surv.  India,  vol.  xxiv  (1890),  pt.  3,  p.  30. 

^  L.  L.  Fermor:  Kec.  Gcol.  Suit.  India,  vol.  xxxiii  (1906),  p.  173. 
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and  that  nowhere,  except  in  the  thermal  regions,  are  siliceous 
deposits  brought  to  be  deposited  at  the  immediate  surface  of  the 
earth. 

The  peculiar  disposition  in  altitude  of  Indian  laterites  has  always 
presented  a  difficulty  to  geologists,  and  many  have  called  to  their 
aid  lakes,  or  even  the  sea,  to  account  for  the  general  horizontality 
noted.  The  *  high-level '  laterite  covers  flat-topped  hills,  which  may 
range  from  2,000  to  4.700  feet  above  sea-level,  and  higher  still  on 
the  Nilghiris,  while  the  *  low-level '  form  occupies  the  eastern  and 
western  peneplains.  In  both  upper  and  lower  areas,  however, 
adjaoent  laterite  caps  may  occur  at  different  levels,^  indicating  either 
disconnected  deposits  or  differing  age.  In  the  region  of  the  Deccan 
Trap,  the  widespread  horizontality  of  the  laterite  is  merely  an 
expression  of  that  of  the  Trap  beneath  (loc.  cit.,  p.  261),  which  has 
filled  op  the  inequalities  in  the  surface  of  the  older  rocks.  A  con- 
sideration of  the  conditions  of  lateritio  formation  will  show  that  only 
on  level  or  approximately  level  surfaces  can  laterite  form.  Its 
growth  is  exceedingly  slow,  and  only  the  surfaces  of  plateau  basins 
or  plains  are  stable  for  a  sufficient  length  of  time  to  permit  of 
growth.  Even  a  moderate  slope  changes  its  surface  cover  rapidly 
in  a  region  of  excessive  rainfall.  Again,  it  is  only  on  an 
approximately  level  surface  that  the  continued  moisture  saturation 
neoeasary  for  the  solution  of  the  soluble  constituents  and  for  the 
rearrangement  of  the  deposited  salts  may  be  obtained.  Judging, 
therefore,  by  the  conditions  under  which  laterite  is  considered  to  be 
forming  at  the  present  day,  the  '  high-level '  laterite  capping  hills 
represent  the  level  of  ancient  upland  plains,  or  more  probably 
flat  broad  basins,  which  abutted  against  or  were  enclosed  by  hills. 
It  is  the  general  recognition  of  the  horizontality  of  many  deposits 
that  has  given  rise  to  the  hypothesis  of  lacustrine  sedimentary 
origin,  an  origin  thought  to  be  supported  by  the  concretionary 
structure  before  noted.  Concretionary  or  pisolitic  structure, 
however,  as  a  general  rule,  does  not  arise  under  open  water 
conditions,  but  is  characteristic  rather  of  loosely  coherent  muds, 
days,  or  moist  sands.  An  analogy  with  the  lake  iron-ores  of  Sweden 
has  been  sought  by  some  writers,  and  the  presence  of  limonite- 
secreting  bacteria  in  those  deposits  has  probably  suggested  the 
Indian  bacterial  theory. 

During  the  progress  of  denudation,  the  high  hills  in  the  neigh- 
bourhood of  the  basins,  being  unprotected  by  laterite,  have 
disappeared,  and  their  place  is  now  occupied  by  valleys.  Many  of 
these  ancient  basin  floors  are  situated  in  what  are  now  dry  regions, 
and  it  is  probable  in  such  cases  that  the  vanished  bills  attracted  the 
necessary  amount  of  moisture.  For  example,  in  the  neighbourhood 
of  the  laterite-capped  Eappat  Guda  (3,007  feet),  east  of  Dharwar, 
the  rainfall  is  no  more  than  25  inches  per  annum,  and  no  laterite  is 
being  formed  at  the  present  day.  This  region,  lying  at  about  the 
same  height  above  the  sea-level  as  the  edge  of  the  Western  Ghats, 
incidentally   illustrates    well   the  nature  of  the   surface    products 

^  Oldham :  in  Medlicott  &  Blanford's  Manual  of  Qeol.  India,  pp.  374  et  seq. 
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generated  in  areas  of  deficient  moisture.  Its  soil  is  crowded  with 
*  kankar ' — small  irregular  concretions  of  carbonate  of  lime — which 
may,  in  the  stream  beds,  form  a  calcareous  tufa,  while  the  rivulets 
that  do  run  in  the  dry  season  through  the  black  cotton  soil  are 
bitter  with  alkaline  salts.  These  are  exactly  the  products  remored 
in  regions  of  abundant  rainfall. 

Except  when  the  humidity  is  great,  the  laterite  crust  supports 
a  very  scanty  vegetation,  and,  even  in  humid  areas,  it  is  probable 
that  much  of  the  carbon  dioxide  essential  for  carbonation  is  derived 
from  the  decaying  humus  on  the  hill-sides  above  the  laterite  basins. 
The  older  laterites  on  the  hill-tops  are  devoid  both  of  vegetation 
and  of  soil. 

The  chemical  aspect  of  the  Indian  aluminous  and  ferruginous 
laterites  has  been  well  developed  by  the  analyses  of  Dr.  Warth.^ 

Some  little  attention  has  been  paid  by  the  present  writer  to  the 
nature  of  the  minerals  present,  llie  bauxite,  especially  selected  for 
examination  since  it  promised  to  yield  the  most  conclusive  results, 
was  one  from  Katni,  Jabalpur  district,  which  had  been  analysed  in 
the  Geological  Survey  Laboratory,'  as  follows : — 


AlaOa  .. 
FejOa  .. 
H2O  ., 
Moisture 
SiOa  .. 
Ti02  .. 
MgO     . 


65*48 
3-77 

18-32 
1-06 
0-38 

11-61 

trace 


100-62 

The  molecular  ratio  of  AI2O3  to  Ho  0  is  lower  (1 : 1-58)  in  this 
specimen  than  in  any  other  analysed,  and  for  this  reason  it  was 
expected  to  show  more  clearly  than  any  other  the  presence  of 
diaspore,  should  the  assumption  of  Warth  and  others,  viz.  that 
bauxite  is  a  mixture  of  gibbsite  and  diaspore,  be  correct.  Neglecting, 
as  Warth  has  done,  and  with  sufiScieut  reason,^  the  consideration  of 
the  water  due  to  possible  limonite  in  the  specimen,  the  foregoing 
ratio  of  1  :  1*58  represents  29  per  cent,  gibbsite  and  71  per  cent, 
diaspore.  It  was,  therefore,  considered  probable  that  a  separation 
might  be  effected  with  a  heavy  solution,  the  specific  gravity  of 
gibbsite  being  2*4  and  of  diaspore  3-4.  Carefully  and  finely  ground 
bauxite  was  treated  with  Sonstadt  solution  of  3*07  s.g.  All  except 
very  fine  black  grains  (ilmenite)  floated.  The  specific  gravity  of 
the  specimen  as  a  whole  was  taken,  and  gave  incidentally  an 
excellent  illustration  of  the  porous  nature  of  bauxite.  A  large 
fragment  was  soaked  for  a  day  in  water  with  gentle  heating,  and 
gave  a  result  of  2-487.  Individual  concretions  from  the  same 
specimen  gave  2*53,  while  the  mean  of  three  determinations  of  the 
fine  powder  gave  2-81.  The  last  is  taken  as  the  true  specific  gravity 
of  the  Katni  specimen. 

»  Geol.  Mao.,  Dec.  IV,  Vol.  X  (1903),  p.  158. 

2  Kec.  Geol.  Surv.  India,  vol.  xxiii  (1849),  p.  179. 

3  Loc.  cit.  sup.,  p.  155. 
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The  oh«mi(»l  analviU  ihowi  that  at  lout  15  per  oent.  of  the  mus 
&M,  in  the  form  of  iimenita  and  poutble  rutile,  a  ipeoifio  graTily  of 
more  tban  4-S.  The  remainmg  8S  per  cent,  therefore,  has  a  ipeoifio 
gnTity  of  not  leta  than  2-66.  But  an  intimate  mixture  of  71  per 
oent.  diaapore  and  29  per  oent.  gibbaite  ilionld  have  a  apeoiSo 
gnvity  of  303.  Bough  thougli  the  oaloulation  ia,  it  ii  nevertheleaa 
■nffloient  to  ahow  that  the  two  lines  of  deduotion  are  hopBleaaly 
oonflioting,  and  it  mnat  either  be  aaaumed  that  diaspore  ia  not  present 
or  that  the  monohydrate,  if  present,  ia  in  a  form  physloally  difierent 
from  diaspore.  Additional  evidence  against  diaapore  lies  in  it* 
abaenoe  from  all  thin  eectiona  examined. 


A  typical  thin  section  of  a  concretion  from  the  Katni  rook  throws 
oonsiderable  light  on  the  structure  and  internal  characters  of  bauxite 
(Fig.  2).  The  mass  uf  the  rock  is  made  up  of  white  opaque 
bauxite  with  a  well-defined  banded  etnicture  near  the  exterior  of  the 
concretion,  ^oattered  threiigli  the  interior  and  avoiding  the  outer 
band,  are  numerous  irregular  areas  of  gibbaite  in  roaette-Iike 
oggi'ogstes.  Dispersed  everywhere  irregularly  through  the  interior 
of  the  section,  but  disposed  io  more  or  lesa  linear  arrangement  in 
the  outer  band,  are  numerous  minute  blaok  and  brown  specks,  too 
amall,  indeed,  to  be  determiued  with  ease  or  accuracy.  Tha  black 
grains  are,  however,  almost  certainly  ilmenite.  while  the  brown 
granules  may  be  rutile,  but,  from  comparison  with  other  sections, 
are  thought  to  be  more  probably  the  clove-brown  micaceoue  ilmenite. 

A  oonsideration  of  the  disposition  qt  the  gibbsite  indicates  clearly 


646      Malcolm  Maclaren — The  Origin  of  certain  Later%ie%. 

that  it  Ib  being  formed  at  the  expense  of  the  banxite,  and,  indeed, 
the  process  may  be  traced  in  the  section  in  all  its  stages.  A  slight 
clearing  takes  place  in  the  opaque  mass,  and  an  irregular  translncent 
microcrjstalline  area  is  formed.  In  this  area,  tiny  flecks  of  gibbsite 
are  developed,  gradually  coalesce,  and  finally  €}!  the  whole  area. 
This  process  of  crystal  growth  is  especially  well  marked  along  the 
internal  edge  of  the  concretionary  border,  where  the  gibbsite  it 
extending  outwards  into  the  newly  accreted  bauxite.  That  bauxite 
is  being  converted  to  gibbsite,  and  not  the  reverse,  is  confirmed  by 
the  occurrence  of  banded  gibbsite  on  the  walls  of  the  pores  that 
ramify  through  the  mass. 

The  evidence  of  tliin  sections,  therefore,  shows  that  the  change  in 
laterites,  so  far  from  being  one  of  dehydration  to  diaspore,  as  postulated 
by  Holland,^  is  one  of  hydration  to  gibbsite.  This  conclusion  is 
supported  by  the  occurrences  of  gibbsite  found  by  Messrs.  Warth, 
Fermor,  and  the  writer  in  widely  separated  parts  of  India,  and  all 
these  show  that,  at  least  under  the  generally  prevailing,  comparatively 
humid  Indian  conditions,  gibbsite  is  the  stable  hydrate  of  alumina. 
Strong  negative  evidence  to  the  same  effect  lies  in  the  fact  that 
diaspore  has  not  yet  been  recorded  from  India.  As  a  matter  of  fact, 
the  evidence  against  hydration  quoted  by  the  above  writer,  being 
drawn  mainly  from  the  petrological  characters  of  certain  rocks  in 
the  Salem  and  Coimbatore  districts,  is  considered  by  the  present 
writer  to  be  inapplicable  to  the  more  humid  parts  of  India.  The 
avernge  annual  rainfall  for  Salem  is  but  39'2()  inches  per  annum, 
while  that  for  Coimbatore  is  even  less  (21-10  inches).  At  both 
stations  rain  fell  during  ten  months  of  the  year  1904.  Tliere  is 
thus  little  opportunity  for  hydration,  while  dehydration  might  well 
be  effected.  But  the  argument  derived  from  such  a  dry  region  can 
obviously  not  be  applies!  to  the  lateritic  deposits  of  the  Western 
Ghats  with  their  rainfall  of  120-180  inches  in  four  months  of 
the  year. 

Finally,  the  conclusions  to  which  the  writer  has  been  led  in 
connection  with  laterite  are  the  following  : — 

1.  Lateritic   deposits  are  restricted  geographically,  because   they 

rcqiiire  for  their  formation  — 
(a)    Tropical      heat    and    rain    with    concomitant     abundant 

vegetation. 
(h)    Alternating  wet  and  dry  seasons. 

2.  Their  restriction   in   altitude  is  only  apparent.     Their  present 

lines  of  altitude  merely  mark  ancient  or  existing  basin  floors 
or  plains. 

3.  They  are    derived  from  mineralized  solutions  brought  to  the 

surface  by  capillarity,  and  are  essentially  replacements 
(either  mechanical  or  metasomatic)  of  soil  or  of  i*ock 
decomposed  in  ffitu,  or  of  both. 

4.  In   the  humid  regions    of   India  the  tendency  of   change  in 

laterites  is  towards  hydration  and  not  towards  dehydration. 

1  Geol.  Mao.,  Dec.  IV,  Vol.  X  (1903),  p.  65. 
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The  foregoing  replaoement  hypothesis  would  appear  to  supply 
a  fairly  leasonahle  explanatioD  for  all  the  eooentrioitiee  of  laterite. 
When  it  was  first  developed  by  the  writer,  it  was  thought  to  be 
entirely  novel,  bat  investigation  of  the  literature  of  the  subjeot  has 
shown  that  several  writers  have  suggested  the  alternation  of  wet 
and  dry  seasons  as  a  predisposing  cause ' ;  while  Hislop  *  says  that 
*'  the  ferruginous  matter  coming  up  from  among  the  metalliferous 
strata,  might,  by  the  agency  of  water,  hare  impregnated  every 
decaying  rock  on  the  surface,  which,  with  the  subsequent  infiltration 
of  rain,  would  then  present  the  appearance  of  laterite,  as  we  now 
find  it "  I 


lY. — Notes   on    the   Opkboulatb   Madrbporaria  Bugosa    from 

Yass,  New  South  Walks. 

Bj  A.  J.  Shbaesby. 

(PLATE  XXVI.) 

fpHE  town  of  Tass,  N.S.W.,  is  situated  on  the  Southern  Railway 
JL  about  190  miles  from  Sydney.  It  is  the  centre  of  one  of  the 
most  picturesque  districts  to  be  met  with  on  the  journey  from 
Sydney  to  Melbourne.  The  surrounding  country  is  a  veritable 
geological  and  palsdontologioal  paradise  for  the  collector,  who  may 
depend  upon  turning  up  some  new  and  interesting  specimens  every 
trip  he  takes  to  the  district.  The  town  itself  is  built  on  the  Upper 
Silurian  rocks,  which  about  two  miles  distant,  at  a  bend  in  the  Yass 
Biver  known  as  Hatton's  Corner,  ofier  to  the  paladontologist  one  of 
the  most  prolific  collecting- grounds  in  Australia.  Amongst  the 
first  to  investigate  these  rocks  were  the  liev.  W.  B.  Clarke*  and 
Mr.  C.  Jenkins,*  whose  work  was  followed  by  a  survey  in  1882  by 
the  Mines  Department.^  Further  good  work  was  done  by  Mr.  John 
Mitchell  *  whilst  stationed  in  the  district ;  but  even  at  this  late  hour 
there  is  a  large  amount  of  interesting  work  awaiting  completion. 

About  ten  miles  to  the  south  and  south-west  of  the  town  are  found 
the  vast  accumulations  of  Middle  Devonian  deposits,  which  are 
separated  from  the  Upper  Silurian  rocks  by  a  thick  l>ed  of  lavas  and 
tuffs  which  I  believe  to  be  the  result  of  volcanic  action  during  the 
Lower  Devonian  period.^ 

^  Brou^hton,  Joum.  As.  Soc.  Bombay,  vol.  v  (1857),  p.  639 ;  Lapparent,  Traits 
de  Geologic,  p.  IGll. 

'  Joum.  As.  Soc.  Bombay,  vol.  v  (18.')7),  p.  03. 

'  W.  B.  Clarke:  ** Remarks  on  the  Sedimentary  Formations  of  N.S.TV.," 
4th  edition,  1878. 

•  C.  Jenkins,  **  Geolog}'  of  Yass  Plains  " :  Proc.  Linn.  Soc.  X.S.W.,  vol.  iii, 
pt.  1  (1878),  p.  26. 

•  T.  W.  E.  David,  ** Report  on  the  Fos'siliferous  Beds,  Yass":  Ann.  Rep.  Dept. 
Mines  N.S.W.,  1882  (1883),  p.  118. 

•  J.  Mitchell,  *»  Notes  on  the  Geology  of  Bowning  '* :  Proc.  Linn.  Soc.  X.S.W.  (2), 
vol.  i,  pt.  4  (1887),  p.  1193.  *'The  Geological  Sen uence  of  the  Bo>iiiing  Beds, 
N.S.AV. '»:  Report  Austral.  Assoc.  Adv.  Science,  vol.  i,  1888  (1889),  p.  291. 

'  A.  J.  Shearsby,  **  On  the  Occurrence  of  a  Bed  of  Fossiliferous  Tuflf,  etc.  " : 
Proc.  Linn.  Soc.  N.S.W.,  1905,  p.  275. 
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During  a  recent  oolleoting  tonr  aronnd  Yass,  I  was  forinnate 
enough  to  find  a  large  number  of  specimens  of  the  genua  BhitofhfUumj 
amongst  which  were  a  new  species  which  I  am  describing  as 
B,  rohuitum,  and  several  specimens  of  JB.  interpwMtatum^  De  Kon., 
possessing  the  opercnla  in  BttH,  JB.  rc^wtum.  makes  the  fourth  species 
of  this  genus  which  has  been  described  from  the  Upper  Silurian  of 
the  Yass  district ;  and  from  fragments  I  have  in  my  oolleotion  I  am 
of  the  opinion  that  there  are  several  others  which  await  determination. 

The  following  is  a  description  of  the  new  species : — 

Genus  RHIZOPHYLLUM,  Lindstrom. 

RhIZOPHYLLUM  BOBUSTUHy  sp.  uov.     (PL  XXYI,  Figs.  1-6.) 

Corallum  simple,  pyramidal,  short,  widely  expanded  above,  acutely 
pointed  below,  lateral  angles  rounded,  section  semicircular,  plano- 
convex. Dorsal  surface  convex ;  ventral  surface  flat,  both  horizontally 
and  vertically.  Galice  semicircular,  moderately  deep ;  dorsal  margia 
sharp  and  thin,  slightly  arched  above  the  level  of  the  ventral  margin  ; 
ventral  margin  thick,  horizontal,  with  well-marked  central  fossnla. 
Several  thin  projecting  septa  are  noticeable  on  the  ventral  margin. 

A  thick  corrugated  epitheca  covers  the  corallum ;  that  on  the 
ventral  side  being  partly  replaced  by  minute  rosettes  of  Beekite. 
A  portion  of  the  ventral  surface  is  broken  away,  and  shows  to 
a  depth  of  about  a  quarter  of  an  inch  the  weathered  vesicular 
internal  structure  of  the  corallum.  These  vesicles  have  their  convex 
surfaces  facing  inwards  and  upwards. 

No  traces  of  anchoring  stolons  are  visible  on  the  specimen,  the 
Beekite  rosettes  near  the  lateral  angles  naturally  tending  to  confuse, 
if  not  altogether  obliterate,  these  processes.  A  small  portion, 
probably  about  a  quarter  of  an  inch,  of  the  apex  is  missing,  but 
otherwise  the  specimen  is  well  preserved. 

The  specimen  exhibits  a  most  interesting  illustration  of 
rejuvenescence  by  calicinal  gemmation  ;  about  half  of  the  calice  of 
the  corallum  being  occupied  by  the  upper  portion  of  a  young  form, 
which  exhibits  in  a  marked  degree  the  same  characteristics  as  the 
parent  form,  with  the  addition  of  a  sub-central  depression  in  the 
calice.     (PI.  XXVI,  Fig.  4.) 

The  measurements  of  B.  rohustum  are  as  follows : — Parent  corallum, 
length  of  dorsal  surface  1-J  inches,  length  of  ventral  surface  1  inch. 

Note. — Both  of  these  measurements  may  be  increased  by  an 
additional  quarter  of  an  inch,  for,  as  mentioned  previously,  portion 
of  the  apex  is  missing. 

Parent  corallum,  greatest  diameter  of  calice  liins.,  least  i'ln. 
The  measurements  of  the  calice  of  the  young  form  are : — Greatest 
diameter  i^in.,  least  J  in.,  depth  A"  in. 

B,  rohustum  differs  from  B,  interpunctatnm,  De  Eon.,  by  its  much 
greater  size  and  particularly  the  manner  in  which  the  dorsal  margin 
rises  above  the  level  of  the  ventral,  causing  the  angle  made  between 
the  operculum  when  closed  to  be  obtuse ;  while  in  JB.  inter^punctaiuvn 
the  angle  is  acute  on  account  of  the  dorsal  surface  being  much 
shorter  than  the  ventral ;  and  also  the  ventral  surface  of  B.  tchwtunk 
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it  flat  both  horizontally  and  longitudinally ;  on  the  other  hand,  in 
8L  imUrptmetaium  the  ventral  surface  is  oonvex  longitudinally. 

It  is  also  easily  distinguished  from  JB.  auitrale,  £th.  fil.,  by  its 
g;reater  size  and  more  deltoid  shape  and  because  the  ventral  surface 
of  JB.  atuiraU  is  oonvex  in  longitudinal  section. 

It  is  distinct  also  from  JB.  enorme,^  Eth.  fil.,  being  much  smaller  in 
lise,  more  deltoid  in  shape,  and  the  dorsal  surface  possessing  a  higher 
degree  of  convexity.  The  vesicles  in  JB.  robuBtum  are  adso  much 
smaller. 

It  differs  from  B.  yaneme,*  Shearsby,  in  which  form  the  apical 
smgle  is  obtuse  and  the  upper  portion  of  the  ventral  surface  is  convex, 
being  turned  in  towards  the  calice. 

I  have  not  yet  been  successful  in  my  endeavours  to  find  an 
operculum  of  this  species. 

Locality  and  horizon. — Impure  limestone  on  the  Wargeila  road 
ftboot  half  a  mile  west  of  Yass  Junction  Railway  Station ;  Upper 
Btlorian. 

Collection. — A.  J.  Shearsby. 

In  the  accompanying  Plate  XXVI,  illustrating  this  paper,  I  have 
given  lateral  views  of  the  three  other  described  species  found  at 
Yasa.  The  convexity  of  the  ventral  surfaces  (v)  of  B.  australe 
(Fig.  8)  and  B.  interpunetatum  (Fig.  15)  is  here  well  shown  in 
comparison  with  the  flat  ventral  surface  of  B.  robuitum.  The  acute 
angle  between  the  operculum  and  ventral  surface  of  B.  interpunetatum 
is  also  clearly  illustrated. 

Fig.  7  is  an  outline  of  a  median  perpendicular  section  of  B.  yasBense, 
wherein  is  depicted  the  in  turned  ventral  margin  of  that  species. 

Operculum,  exothecal  processes,  and  calioinal  gemmation  of 
IL  interpunetatumf  De  Eon.  (Figs.  12,  12a). 

In  his  description  of  this  species  Mr.  R.  Etlieridge,  jun.,'  mentions 
that  the  operculum  was  unknown,  and  states  that  the  total  apparent 
absence  of  exothecal  structure  in  B.  interpunetatum  showed  a  departure 
towards  Caleeola,  in  which  genus  there  is  no  trace  of  them.  I  have 
succeeded  iu  collecting  a  very  large  number  of  this  species  of 
BhizophyUum,  and  several  of  the  specimens  have  the  operculum 
in  situ ;  in  addition  to  these  a  few  detached  opercula  have  rewarded 
i&y  search. 

Figs.  9  and  11  (Plate  XXVI)  show  a  corallum  with  the  operculum 
closed.  Figs.  17  and  18  illustrate  a  fine  and  almost  complete 
specimen  showing  the  corallum  with  its  operculum  widely  opened. 

The  operculum  is  semicircular  and  thick,  concavo-convex.  The 
upper  or  outside  surface  is  convex,  and  is  sculptured  with  concentric 
bands  or  lines  of  growth.  The  under  or  inner  surface  is  concave, 
with  a  stout  median  ridge  starting  from  the  straight  hinge-line,  and 
projecting  only  about  half-way  across  the  surface.  Near  the  hinge 
where  the  ridge  is  stoutest  is  a  small,  deep,  pit-like,  triangular 
depression,  into  which  the  counter  septum  fits  when  the  operculum 

'  Rec.  Geol.  Surv.  N.S.W.,  vol.  vii  (1903),  p.  232. 
»  Proc.  Linn.  Soc.  N.S.W.,  pt.  iv  (1904),  p.  869. 
'  Bee.  Aust.  Museum,  vol.  i  (1891),  p.  203. 


550  A.  J.  Sheanbt^ — On  Opereulate  CoraU* 

is  in  its  place.  In  several  specimens  in  my  collection  the  insertion 
of  the  counter  septum  in  this  depression  when  the  opercnlom  is 
closed  is  well  shown.  Besides  possessing  the  stout  median  ridge, 
the  under  surface  shows  traces  of  lateral  septal  ridges.  Fig.  12 
shows  these  faintly,  but  Fig.  12a  exhibits  the  granular  radiating 
nature  of  the  ridges  more  distinctly. 

Fig.  18  is  a  lateral  view  of  a  corallum  with  operculum  in  st<^  and 
widely  opened.  In  this  figure  will  be  noticed  the  thickness  of  the 
operculum  at  the  hinge-line,  and  the  projecting  nature  of  the  median 
ridge. 

Jikoihecal  proeeises, — Although  some  scores  of  these  interesting 
corals  have  passed  through  my  hands,  I  have  found  in  only  a  couple 
of  instances  traces  of  rootlets  or  anchoring  stolons.  In  both  of  these 
the  extreme  apex  of  the  ventral  surface  bear  two  or  three  very  small 
knobs  or  protuberances.  These  being  so  delicate  is  no  doubt  one  of 
the  reasons  why  a  complete  specimen  with  rootlets  is  so  rare. 
Another  reason  is  the  apices  of  the  majority  of  the  corals  found  are 
missing.  One  small  species  of  Rhizophyllum  which  I  presented  to  the 
Australian  Museum  some  time  ago  exhibits  the  exothecal  processes 
very  clearly,  showing  as  it  does  at  the  lateral  angles  four  little 
knobs,  two  on  each  side  of  the  apex.  Fig.  16  is  a  specimen  of 
B,  interpunctatum  from  Hatton's  Corner,  which,  besides  showing 
a  budding  form,  has  two  protuberances  on  the  middle  of  the  ventral 
surface  which  may  be  the  remains  of  rootlets.  This  is  the  only 
specimen  I  have  found  which  shows  them  in  this  position,  so  I  am 
figuring  it  for  future  reference. 

Calicinal  gemmation, — Many  of  the  specimens  which  I  have 
collected  at  Hatton's  Corner  show  very  distinct  calicinal  gemmation. 
In  all  of  these  the  young  form  has  completely  filled  the  calice  of  the 
parent  corallum.  Examples  of  two  of  these  are  figured  in  PI.  XXVI, 
Figs.  13  to  16.  The  latter  one  is  of  special  interest  on  account  of 
exhibiting,  as  mentioned  above,  what  appear  to  be  remains  of  the 
exothecal  processes  or  anchoring  stolons. 

Locality  and  horizon, — Hattoii*s  Corner,  Yass  ;  Upper  Silurian. 

Collection, — A.  J.  Shearsby. 

Further  note  on  the   Exothecal  Prooesses  op  Ehizophtllvm, 

Previous  to  sending  away  the  foregoing  paper  I  made  a  minute 
and  lengthy  search  in  places  where  I  knew  these  corals  abounded  in 
order  to  obtain  more  complete  information  as  to  the  occurrence  of 
rootlets  on  both  species ;  but  in  spite  of  over  a  hundred  specimens 
passing  through  my  hands  I  was  unsuccessful. 

It  was  only  about  a  week  after  the  paper  was  sent  away  that 
I  visited  a  bed  of  impure  coral  limestone  at  Derrengullen  Creek, 
a  few  hundred  yards  above  the  crossing-place  of  the  Yass-Wargeila 
road,  and  found  amongst  numerous  other  Corals  and  Brachiopods  some 
fine  specimens  of  E,  rohustum,  R,  interpunctatumj  and  R,  avstrale, 
Eth.  fil.  In  my  description  of  R,  rohustum  I  stated  that  no  traces  of 
anchoring  stolons  or  rootlets  were  visible,  the  Beekite  rosettes 
tending  to  destroy  any  trace  of  them.     One  of  my  specimens  from 
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Derrengullen  Creek,  however,  exhibiU  the  remains  of  eight  stout 
rooilete  (PI.  XXVI,  Fig.  19).  'I'here  were  probably  more  than 
this  namber  on  the  complete  coral,  as  the  apex  is  missing,  and 
specimens  collected  at  this  locality  which  have  the  apex  show 
remains  of  at  least  six  on  this  part  of  the  coral. 

Of  these  rootlets  some  are  scattere<1  over  the  ventral  surfiice,  but 
most  of  them  are  situated  along  the  lateral  angles.  They  are  hollow 
nnd  cylindrical,  and  in  some  cases  branching,  and  range  from  mere 
filaments  to  as  much  as  a  inillinietre  in  thickness.  The  specimen 
figured  presents  another  example  of  calicinal  gemmation,  the  young 
coral  in  this  case  completely  filling  the  caliceof  the  parent  form,  und 
exhibiting  also  an  instance  (»f  abnormal  growth,  one  side  of  the  coral 
having  grown  much  faster  than  the  other. 

The  remaining  figures  illustrate  some  fine  examples  of  rootlets  on 
JB.  interpttnetatitm  and  R.  auttrale  from  the  same  locality.  In  my 
previous  paper  I  stated  that  I  had  only  found  a  couple  of  specimens 
showing  the  exothecal  processes,  and  these  consittted  of  small 
protuberances  at  the  apex,  the  remains  of  ])robab1y  very  small  and 
delicate  processes.  I  figure  one  (Fig.  lO)  showing  two  little  knobs 
about  the  midille  of  the  ventral  surface,  which  I  said  might  be  the 
remains  of  rootlets.  I  am  now  able  to  say  that  my  surmise  was 
correct,  as  I  have  several  examples  of  this  species,  which,  besides 
having  a  liberal  allowance  of  rootlets  along  the  lateral  angles,  possess 
extra  ones  at  or  near  the  middle  of  the  ventral  burface.  Figs.  20-22 
are  specimens  of  R.  interjinnctatum  which  exhibit  very  clearly  the 
tubular  anchoring  stolons  projecting  from  the  lateral  angles.  Fig.  21 
shows  three  strong  lateral  rootlets  nnd  the  remains  of  one  near  the 
middle  of  the  ventral  surface.  Fig.  20  is  an  interesting  specimen 
showing  a  small  parent  coral  from  which  has  budded  a  much  larger 
form.  This  younger  coral  shows  three  strong  rootlets  and  one  more 
delicate  growing  from  the  lateral  angle. 

Figs.  23  and  24  are  specimens  of  R,  australe  which  exhibit  both 
lateral  and  median  rootlets.  Fig.  23  also  possessing  one  on  the  dorsal 
surface. 

Nearly  all  my  previous  specimens  of  Rhtzophyllum  were  obtained 
in  the  shale  beds  at  Hatton's  Corner,  Ynss,  and  in  spite  of  the  large 
number  collected  there,  only  two  showed  faint  traces  of  rootlets.  On 
the  other  hand,  every  specimen,  with  few  exce[)tions,  obtained 
recently  during  an  afternoon's  search  at  this  new  locality  showed 
remains  of  well-preserved  rootlets  in  many  instances. 

It  would  seem,  then,  that  at  Hatton's  Corner  they  had  been 
subjected  to  violence  of  some  kind  before  being  finally  deposited  in 
the  shale  bed.  The  violence  probably  consisted  of  being  rolled  to 
and  fro  by  the  action  of  the  waves  in  the  vicinity  of  the  coral  reefs 
which  abounded  there  at  that  period.  The  worn  and  rounded  pieces 
of  other  corals  occurring  at  Hatton's  Comer,  in  places  giving  the 
shales  an  amygdaloidal  appearance,  should,  I  think,  help  to  confirm 
this  opinion. 

The  occurrence  of  the  delicate  rootlets  on  Rhtzophyllum  in  an 
almost  perfect  state  at   Derrengullen   Creek,  together  with   some 
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beautifully  preserved  small  nndesoribed  speoies  of  TrypUuma  pM* 
CyaAophyllum,  whioh  also  possess  remains  of  delioate  andhorbig* 
stolons,  points  to  the  existence  of  quieter  waters,  probably  in  the 
shape  of  a  lagoon  or  harbour  free  from  the  violence  of  heavy 


EXPLANATION  OF  PLATE  XXVI. 

F108. 1-18 :  Upper  Silurian  operculate  corals  from  Hatton's  Comer,  Yass,  K.S.W. : 

Fio.  Rhizophyllum  robustutHj  Shearsby. 

1 .  Dorsal  view. 

2.  Ventral  view,  showing  fossula,  septa,  and  vesicular  tissue. 

3.  Lateral  view. 

4.  Calice,  showing  fossula  and  calicinal  bud. 
6.    Apical  view. 

6.  Part  of  ventral  surface,  showing  vesicular  tissue,     x  2. 

RhizophylUtm  yeutente^  Shearsby. 

7.  Outline  of  vertical  median  section. 

Rhizophyllum  aiittrale,  Eth.  fil. 

8.  Lateral  view. 

Jthizophyl/itm  inferpnnetatumt  De  Kon. 

9.  Lateral  view  with  operculum  in  sit&. 

10.  Apical  view. 

1 1 .  Dorsal  view  with  operculum  in  xitA. 

12.  Operculum,  inner  surface  showing  median  ridge  with  pit-like  depression. 

12a.  Operculum,  inner  surface  showing  median  ridge  and  radiating  granular  lateral 
ridges. 

1 3.  Ventral  view  of  specimen  with  calicinal  bud. 
H.     Lateral  ,,  ,, 

15.  Dorsal  ,,  ,, 

16.  Another  specimen,  ventral  view  showing  calicinal  bud,  and  remains  of  two 

exothecal  processes  (?). 

17.  Dorsal  view  of  an  almost  complete  specimen  with  operculum  in  situ  and  widely 

opened,  showing:  median  ridge  and  radiating  lateral  ridges  of  operculum,  and 
the  counter  septum  and  septa  of  the  ventral  wall. 

18.  Lateral  view  of  same  specimen,  showing  projecting  nature  of  median  ridge  of 

the  operculum. 

d  =  dorsal  surface,    r  =  ventral  surface. 
Note. — Fig.  6  is  twice  natural  size  ;  all  the  other  figures  are  drai^Ti  natural  size. 

Figs.  10-25  :   Upper  Silurian  op<*rculate  corals  showing  exothecal  processes,  from 

Drrrenirullen  Creek,  Yass,  N.S.W. : — 
Fio. 

19.  RhizophifUum  rohustuhi,  Shearsby.     Ventral  view  showing  remains  of  rootlets, 

and  abnormal  growth  of  calicinal  bud. 

20.  7^  intcrpHncfatmn,   I)e  Kon.      Dorsal  view   of  budding  form,   showing  one 

rootlet  on  the  small  parent  form  and  four  on  the  bud.    The  bud  also  shows 
a  strong  counter  septum. 

21.  R.  xnlrypuucfatinn.     Ventral  view  showing  three  strong  rootlets  at  the  lateral 

angle  and  one  near  the  middle  of  the  ventral  surface. 

22.  J?.  inUrpunctatmn.     Lateral  view  showing  rootlet**. 

23.  J?,  ntistrafc,  Kth.  til.     Lateral  view  with  lateral  and  median  rootlets  on  the 

ventral  snrfaots  and  also  one  on  the  dorsal  surface. 

24.  R.  auntralc.     Ventral  view  with  lateral  and  median  processes,  and  one  near  the 

middle  of  the  ventral  margin. 

25.  7^  interpunrtatnm  (?).     Dorsal  view  of  specimen  showing  four  rootlets. 

Xotc. — Figs.  19-25  are  slightly  magnified. 
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Y.  —  On    Conorbtionaby  Nodulss  with    Plant-Bbmains   found 
IN  THB  Old  Bbd  of  thb  Yarra   at  S.    Melbourne;     and 

THEIR   HeSBMBLANOE    TO    THE   GaLOAREOUS    NoDULEt   KNOWN    AS 

'  Goal-Balls.' 

By  F&BDBRicK  Chapmax,  A.L.8.,  etc., 
FalsDontologist  to  the  National  MuBeum,  Melbourne. 

ALTHOUGH  many  of  the  nodular  bodies  met  with  ia  sedimentary 
rooks  which  were  formerly  held  to  be  oonoretions  or  simple 
aggregations  of  mineral  matter  have  since  been  found  to  be  due  to 
the  work  of  minute  animals  or  plants,  there  is  yet  a  more  numerous 
class  of  true  concretions  which  were  undoubtedly  formed  by 
chemical  reaction  in  the  surrounding  water  and  sediments ;  the 
resulting  precipitation  being  often  deposited  upon  nuclei  of  organic 
origin,  as  fish,  woody  fragments,  or  shells.  Occasionally  these 
nodules  were  of  subsequent  formation  to  the  deposit  in  which  they 
occur.  In  nodules  which  include  organic  remains,  the  segpregatiou 
was  accelerated  by  the  partial  decay  of  the  included  organic 
fragments. 

To  the  latter  class  belong  some  interesting  examples  of  spheroidal 
concretions  lately  brought  under  my  notice  by  a  keen  observer, 
Mr.  F.  Spry,  of  Melbourne.  In  June,  1900,  sewerage  excavations 
were  being  carried  on  in  S.  Melbourne,  and  at  Power  Street,  near 
Grant  Street,  16  feet  below  the  surface,  the  concretionary  nodules 
were  found  which  form  the  subject  of  this  paper.  The  workmen 
here  struck  the  bed  of  one  of  the  old  channels  of  the  Yarra  estuary. 
At  the  time  of  the  formation  of  this  deposit  (probably  late 
Pleistocene)  the  month  of  the  Yarra  was  situated  three  or  more 
miles  to  the  eastward  of  the  present  river  mouth,  the  Saltwater  and 
Yarra  Rivers  having  had  separate  outlets,  instead  of,  as  now,  the 
former  joining  the  latter  before  entering  Hobson's  Bay.  The 
earlier  course  of  the  Yarra  to  the  sea  was  thus  shortened  by 
about  six  miles.  The  estuary  was  evidently  much  farther  back  in 
late  Pleistocene  times;  but  since  then  the  shore- line  has  been 
gradually  encroaching  on  Hobson's  Bay,  owing  to  the  v£ist 
quantities  of  silt  carried  down  by  the  Yarra  and  Saltwater  Rivers, 
and  also  by  the  drifting  of  the  shore-sand  from  the  eastward,  which 
has  been  continuously  supplied  by  the  disintegration  of  the  Tertiary 
cliffs  from  Brighton  to  Beaumaris.  This  process  of  filling  up  has 
more  than  kept  pace  with  the  subsidence  of  tlie  area  of  the  Yarra 
Delta,  as  indicated  by  the  level  of  the  old  river  channel,  which 
is  now  found  at  five  feet  below  low-water  at  S.  Melbourne.  Since 
the  actual  subsidence  of  this  area,  however,  there  has  been  what 
is  perhaps  best  termed  a  negative  movement  of  the  shore-line, 
resulting  in  a  six-foot  raised  beach,  preserved  at  various  parts  around 
Port  Phillip  Bay. 

The  details  as  to  the  conditions  under  which  the  clay  nodules 
were  found  have  been  kindly  supplied  me  by  Mr.  Spry,  who 
considers  that  the  channel,  to  which  reference  has  been  made,  was 
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not  the  main  bed  of  the  river,  but  a  neighbouring  biickwater, 
ocoasionR]ly  lubjected  to  ti<UI  inflnsnoes. 

On  the  sides  of  the  vBlley  sloping  to  the  olil  river  channel  at 
S.  Melbourne,  several  flattened  nodules,  circular  in  outline,  were 
found  enihedried  in  BJIt,  and  in  close  proximity  to  the  day  bottom. 
The  angle  of  slope  of  the  sides  of  the  channel  at  this  spot  was  about 
2°  (1  in  30).  Esternnlly,  these  nodules  have  the  appeamnoe  of 
flBttened  halls  of  clay,  mixed  throughout  with  uraall  fragments  of 
dark-brown  lignitoid  pi  ant- remains  and  fi-aginents  of  charred  wood.' 
On  splitting  open  some  of  the  nodules,  which  easily  separate, 
sometimes  along  the  medinn  (equatorial)  plane,  or  in  parallel  oakes, 
there  is  revealed  n  moderately  thick  Ityev,  almost  entirely  composed 
of  malted  fragments  of  woody  and  foliaceons  mnterinl.  around  and 
amongst  which  the  cluy,  permeated  with  a  large  amount  of  carbonate 

Fio.  1.  Fio.  2. 

Fici.  l.-f'|piivoi!si[rfiioP"f  mxlulefrmillifoia  lied  ol  the  Yarr»  at  S.  Melliounif, 
showing  iiKliiilptl  1ni;riiii'iit!4  ol  nonil.      (Onu-liall'  Ihe  tliunicliir  ul  original.) 

Fig.  2.— C"nv('i  oiilfr  suriari'  i.f  the  snuit  noiiult',  shgning small  fru(pupnts  ul rhnm.'d 
wuuil.      (U<'(Iuei.'<I  uut-liiill,) 

of  lime,  seems  to  have  Hccumiilnted.  The  calcareous  nature  of 
these  nodules  is  shown  by  the  strong  efftirvescence  on  treatment 
with  HCI. 

A  little  of  the  outer  crust  of  the  nodule  wns  taken  for  examination 
under  the  microscope,  when  it  was  seen  to  consist  of  quiirtz-grains, 
fine  cslcareous  and  argil Inreous  particles,  brown  woody  tissue,  and 
valves  of  the  marine  dinlom  Aetinoeyclue. 

The  residue  of  the  powiter  from  the  nodule,  after  treatment  with 
H  CI,  showed  it  to  consist  largely  of  a  6iie  angular  quartz  sand,  th« 
grains  of  which  have  a  diameter  varying  generally  between  '1  nam. 

'  Mr.  Spry  has  also  shnnn  nie  portions  of  hraiichea  of  Rtlni-trees,  one  of  ithich  hsi 
been  charmfby  lire.  'I'how  hi-  fuunii  at  the  Iwtlom  of  a  wner  manliule  at  tliH  corner 
of  Mctiuwau  and  Pm.er  Streel?,  at  14  feel  Inim  llie  surface  and  atwut  -1  to  6  Irel 
below  the  pn-scut  Ioh-wbIit  ninrk.  Pn'hi*t"ric  bu-h-tires  must  have  been  of  Irc^uent 
occurri-nce,  nnil  nmy  be  iiscribiil  tu  the  uctiun  of  lightuint;.  At  the  time  of  wntiDs 
this  note  tlivn-  if  s  iiara^rrnph  in  the  Ari/ut,  Fehtuary  Uth,  m06,  lepurtin);  Kreral 
bufh-tlres  liaviuir  Uiru  ^tiirted  liv  li^rlilninj^  at  Cbetwvnd  nnd  Kadnuuk  in  Western 
Victoria.  An  iutere^tiuK  lenlure  niimeetitl  with  the  above  occUireDee  of  drifted  wo<>d 
WBl  a  l«ink  ot  miirino  shells  7  inehea  OikV,  left  behind  the  loj^  b;  the  retreating  tide. 
See  also  the  reference  to  charred  wood  in  coal-senm  mnlules  bv  A,  C.  Seward  ("  Fi«il 
Plants,"  vol.  i,  p.  MS). 
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and  -018  mm.  Some  tourmaline  and  ziroon  crystals  were  also 
present,  probably  derived  from  the  acid  igneous  dykes  of  the 
neighbourhood,  and  also  remains  of  diatoms. 

These  nodules  differ  in  appearance  from  the  irregular  concretions 
found  in  the  estuarine  swamps  near  Melbourne,  in  having  an  almost 
circular  outline,  as  if  artificially  rounded  (so  much  so  that  the 
workmen  considered  them  to  be  '  faked ').  From  the  occurrence  of 
the  nodules  on  the  sides  of  the  old  river  channel,  and  seated  in 
depressions,  we  may  reasonably  assume  that  they  received  their 
form  in  *  kettles'  or  'potholes'  in  the  clay  bottom  of  the  river  bed, 
within  reach  of  tidal  influence. 

It  was  whilst  examining  the  calcareous  nodules  from  the  old 
Yarra  channel  that  the  writer  was  impressed  with  the  close 
resemblance  they  bore  to  the  'coal-ballH*  of  the  Coal-measures  in 
England.  The  coal-seams  of  the  Yorkshire  and  Lancashire 
Coalfields  contain  calcareous  nodules  which  include  portions  of 
Coal- measure  plants  in  a  very  perfect  state  of  preservation.  These 
nodules  vary  in  size,  but  are  usually  a  few  inches  in  diameter,  and 
more  or  less  flattened.  They  are  spoken  of  as  'coal-balls,'  although 
that  term  has  also  been  applied  to  the  rounded  nodules  of  pure  coal 
having  a  concentric  structure,  which  are  met  with  in  the  coal- 
seams  of  England,  France,  New  South  Wales,  and  elsewhere.  The 
former  class  of  'coal-balls,'  however,  are  highly  calcareous,  being 
composed  of  about  70  per  cent,  of  carbonate  of  lime  and  magnesia, 
and  30  per  cent,  of  oxide  of  iron,  sulphide  of  iron,  etc.^  A  great 
interest  attaches  to  tliese  calcareous  'coal-balls'  on  account  of  their 
having  furnished  the  palaDobotaiiists  Binney,  Williamson,  Scott,  and 
others  with  some  of  the  best  preserved  Coal-raeosure  plants  upon 
which  they  based  their  valuable  observations. 

The  general  form  of  the  nodules  from  the  Coal- measures  is 
a  flattened  sphere ;  and  in  this  respect,  amongst  others,  they 
resemble  the  nodules  from  the  Yarra.  That  the  shape  of  the 
'HX)al-ball8'  is  due  to  segregation  of  carbonate  of  lime  from  the 
overlying  beds  deposited  radially  and  concentrically  is  open  to 
serious  objection,  since  the  nodules  include  pieces  of  Zepidodendron 
stems,  Calamitean  roots,  and  other  woody  remains,  which,  by  their 
rod-like  shape  in  the  conglomerated  mass  of  sticks  and  stems,  would 
tend  to  interfere  with  an  incipient  crystallization  or  segregation 
acting  from  a  central  point.  I'his  idea  of  segregation  in  sitti  is, 
however,  the  generally  accepted  one,  and  was  clearly  stated  by 
Professor  T.  Rupert  Jones  in  his  Presidential  Address  to  Section  C, 
British  Association  Meeting  at  Cardiff  in  1891,'  in  the  following 
words : — **  The  '  coal-balls  '  of  Oldham,  in  Lancashire,  and  the 
bullions  at  South  Owram,  in  Yorkshire,  are  calcareous-carbonaceous 
nodules  in  coal,  having  been  formed  by  the  infiltration  of  water 
carrying  carbonate  of  lime  from  the  shells  in  an  overlying  shale 

*  See  Cash  &  Hick:  Proc.  Yorkshire  Geo],  and  Polytech.  Soc.,  vol.  vii  (1878- 
1881),  p.  73.     Aho  Seward  :  "  FossU  Plants,"  vol.  i  (1898),  p.  8o. 

»  Report,  1892,  p.  13.  See  also  D.  11.  Scott:  "  Studies  in  Fossil  Botany,'*  1900, 
p.  11. 


666         Ih\  R.  H.  Traquair — A  New  PalmonUdd  FUh. 

down  into  the  bed  of  woody  fragments  and  other  bits  of  dead  plants. 
The  carbonate  of' lime  there  segregated  from  the  mass  to  certain 
centres,  and  preserved,  in  round  nodules,  the  vegetable  structures, 
before  they  were  quite  decomposed,  more  or  less  distinct,  as  they 
had  fallen  on  the  forest  floor." 

Considering  the  perfect  preservation  of  most  of  the  stems,  leaves, 
and  other  plant-remains  found  in  the  nodules  from  the  Coal- 
measures,  it  seems  evident  to  me  that  they  were  sealed  up  at  an 
early  stage  in  the  formation  of  the  deposit.  The  calcareous  matter 
was  most  likely  supplied  by  small  shells,  such  as  Goniatitee,^ 
caught  up  in  the  tangled  mass  of  vegetable  remains,  which,  on  being 
dissolved  by  the  organic  acids  generated  from  the  decaying  bodies 
of  small  organisms  likely  to  be  present,  quickly  redeposited  around 
the  woody  fragments,  and,  as  in  the  case  of  the  nodules  from  the 
Yarra,  the  balls  finally  received  their  rounded  contour  from  the 
swirling  action  of  eddies  and  currents. 

On  breaking  open  one  of  the  nodules  from  the  Tarra,  the 
resemblance  to  a  fractured  '  coal-ball '  is  very  striking,  the  plane  of 
frsLcture  often  showing  a  matted  mass  of  twigs  and  woody  fragments, 
together  with  seeds  and  some  of  the  more  durable  leaves.  In  the 
light  of  the  data  used  in  the  above  comparison  it  is  therefore 
certainly  worth  a  further  enquiry  into  the  tenability  of  the  theory 
of  the  *  coal-balls  '  of  England  being  formed  in  aitii ;  and  especially 
in  view  of  the  evidence  already  known,  which  goes  to  prove  an 
allochthonous  origin  for  much  of  the  coal-deposits  of  various  ages 
in  different  parts  of  the  world. 


VI. — A   New    Pal^oniscid    Fish    from    the    Base   of   the 
Pendleside  Series  near  Holywell,  Flint. 

By  Dr.  R.  II.  TRAauAiR,  F.R.S.,  F.G.S. 

rilHE  remains  of  a  Palaeoniscid  fish  from  the  Lower  Carboniferous 
X  rocks  of  Flintshire,  submitted  to  me  by  Mr.  J.  T.  Stobbs,  are 
unfortunately  not  sufficiently  perfect  to  afford  material  for  a  complete 
diagnosis.  The  specimen  shows  the  impressions  of  the  outer  surface 
of  both  mandibular  rami  and  of  the  left  maxilla,  and  beyond  this 
we  have  only  a  mass  of  dislocated  scales — the  general  form  of  the 
fish,  the  position  of  the  fins,  and  the  condition  of  the  fin-rays  being 
entirely  lost. 

The  mandible  is  three-quarters  of  an  inch  in  length,  slender  and 
tapering,  the  external  sculpture,  according  to  the  impression  left, 
consisting  of  fine  close  ridges,  which,  in  feather  fashion,  diverge 
upwards  and  forwards  and  downwards  and  forwards  from  a  line 
running  longitudinally  along  the  middle  of  the  surface,  thus  forming 

*  Whilst  writing:  these  notes  I  have  received  a  valuable  and  suggestive  paper  by 
M.  H.  Dounlle,  "  Les  '  Coal-halls  '  du  Yorkshire,"  from  the  Bull.  Soc.  Geo!.  France, 
fl6r.  IV,  vol.  V,  pp.  l/)4-l.')6,  pi.  vi,  in  which  that  author  records  the  association  of 
large  numbers  of  Goniatit«s  {Gantrioceras),  Nautilus,  Orihoc^'asy  Avicniopeeten,  and 
other  marine  shells,  with  the  coal-balls  and  their  ve«'etable  contente. 
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■  seriM  of  baokwardly  dirooted  acute  Mglea.  The  moxillA  ii  of  the 
nttul  pttlaoniicid  form,  the  mborbital  prooesa  being  long  and 
■lender,  uid  the  exptuideil  postorbital  portion  ornamented,  aooordine 
to  the  inopreMJon,  with  fine  ndges,  which  rooBtly  run  parallel  with 
the  poeterioT  and  superior  borders. 

Among  the  (oale*  may  be  diBtinguiahed  lome  whiob  are  nearly 
eqailat«ral  and  only  slightly  oblique— these  belonged  to  the  flank; 
otben,  longer  than  high,  were  ventral  in  position  ;  while  othere 
again,  imalTer  in  aise  and  more  oblique  in  oontour,  appertained  to 
the  tail.  The  flank  solea  are  about  -^  inch  in  height,  and  have 
nearly  the  same  breadth ;  theoverlapped  area  is  aoaroely  perceptible; 
the  free  surface  is  marked  with  fine  atrin,  whiob  rnn  mostly  parallel 
with  the  Qpper  and  lower  mai^na,  a  very  few  of  the  lowest  onea 
turning  up  in  front  ao  aa  to  ma  parallel  with  the  anterior  margin, 
while  again  a  number  of  deeper  indentations  divide  the  posterior 
margin  into  six  to  eight  strong  and  sharp  dentionlationa.  The 
ventral  aoales,  being  lower  in  oontour,  have  fewer  dentioulations  on 


Pro.  2.    ^&^^ 


Fio.  I.— Ftaok  Bcate  of  Eloniehthgi  denlieiilatm,  Traqoa 
Fio.  2. — YsDtnU  scale  of  eame  itpccics. 


the  hinder  border,  these  numbering  from  three  to  Ave.  Aa  to  the 
caudal  aoalea,  though  it  ie  evident  that  they  remained  highly  ornate 
np  to  the  extremity,  it  ia  not  olear  how  far  posteriorly  the 
denticulated  charaoter  persisted. 

The  configuration  of  the  mandible  and  maxilla  clearly  proves 
that  the  place  of  the  present  fish  ia  in  the  family  Faleeoniaoidte,  hut 
owing  to  the  complete  absence  of  fine  or  fin-rays  the  evidence  aa  to 
the  genua  ia  not  oonolusive.  Accoriling  to  the  form  and  soulpttire 
of  the  aoales,  and  llie  configuration  of  the  jaws,  the  fish  might 
appertain  either  to  Rhadinichthi/t  or  to  Klonichth}/!.  Perhaps  the 
Bcales  have  the  greatest  resemblance  in  sculpture  to  those  of 
Moniehthys  Egerteni  (Egert.),  but  the  denticulations  of  the  posterior 
margin  are  proportionally  coarser.  Any  way  the  association,  on 
these  soalea,  of  fine  atriie  with  comparatively  coarse  dentioulationa 
of  the  hinder  margin,  is  a  feature  whiob  leads  me  to  believe  that  the 
apeoiea  ia  uew  to  aoienoe.  I  therefore  propose  to  name  it  EloniehAyt 
deniieulaiut. 
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I. — Memoirs  of  thb  Qkologioal  Surybt. 

fllHE  following  Memoirs,  in  addition  to  those  already  noticed,  have 
X     been  issued  during  tlie  present  year  : — 

(1)  The   Geoloot   of   the  Soillt  Isles.    By  Geobob  Babeow, 

F.G.S.,  with  petrological  oontributionB  by  J.  S.  Flbtt,  M.A., 
D.Sc.     8vo ;  pp.  37,  with  7  plates.     (Price  Is.) 

In  this  memoir  a  particular  description  is  given  of  the  Granite  and 
associated  rocks  which  form  the  Isles  of  Sdlly. 

Attention  is  also  directed  to  the  various  superficial  deposits  of 
Baised  Beach  and  Blown  Sand,  and  to  the  occnrrenoe  of  Glacial 
Drift.  The  evidence  of  recent  movements  in  the  area  is  discussed, 
and  remarks  are  made  oti  the  industries  and  on  the  water  supply. 

The  memoir  is  accompanied  by  a  colour-printed  geological  map 
(Sheets  357  and  360),  and  it  contains  six  plates  depicting  the  scenery. 
The  map  is  the  first  issued  of  the  area  on  the  one-inch  scale ;  the 
price  is  Is.  Gd. 

(2)  The  Geoloqy  of  the   Country   near   Sidmouth   and    Lyme 

Kkgis.  By  H.  B.  Woodward,  F.R.S.,  W.  A.  E.  Ussheb, 
F.G.S.,  with  contrilmtions  by  A.  J.  Jukes-Bbowne,  B.A., 
F.G.S.  Svo;  pp.  96,  with  a  plate  and  39  text-figures. 
(Price  1».) 

In  this  memoir  there  is  a  description  of  the  strata  exhibited  in  the 
fine  cliff-sections  from  the  New  Bed  Sandstone  and  Marl  of  Sidmouth 
to  the  lihfetic  Beds  and  Lias  of  Axmouth  and  Lyme  Regis,  together 
with  an  account  of  the  overlying  Gault,  Upper  Greensand,  and 
Chalk.  Inland  the  country  around  Honiton  and  Axminster  is 
described.  Figures  are  given  of  some  of  tlie  common  Lias  fossils 
found  in  this  richly  fossiliferous  region.  The  plateau  and  valley 
deposits,  the  famous  Landslip  of  Bindon,  and  the  economic  products 
of  the  area  receive  due  attention. 

The  memoir  is  accompanied  by  a  colour-printed  map  (Sheets  326 
and  340),  price  Is.  Qui, 

(3)  The    Geology    of    the     Country     around     Macclesfield, 

CONGLETON,    CrEWE,     AND    MlDDLEWICH.        By    T.    L    PoCOCK, 

M.A.,  with  contributions  by  G.  Barrow,  W.  Gibson,  B.Sc,, 
C.  B.  Wedd.  H.A.,  and  J.  A.  Howe,  B.Sc,  and  notes  on  fossils 
by  E.  T.  Newton,  F.K.S.  8vo;  pp.  138,  with  2  plates  and 
8  text-figures.     (Price  2«.  Gd.) 

This  memoir  is  descriptive  of  parts  of  Cheshire  and  Staffordshire, 
including  the  northern  end  of  the  Potteries  Coalfield,  and  portions 
of  the  coalfield  and  salt-bearing  districts  of  Cheshire.  We  note  that 
the  term  Pendleside  Series  is  adopted  for  the  strata  between  the 
Carboniferous  Limestone  and  Millstone  Grit. 

The  area,  consisting  mainly  of  Carboniferous  and  New  Bed  i-ooks, 
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ia  extensively  covered  with  drift ;  and  a  detailed  aooount  is  given  of 
these  superficial  deposits,  together  with  notes  on  the  shells  from  the 
high-level  gravels  of  Maoclesfield. 

The  memoir  is  accompanied  hy  a  colour-printed  map  (Sheet  110), 
price  Is.  GcT. 

(4)  Tbk  Watbb  Supply  of  Suffolk  fbom  TTndkbobound  Sources, 

WITH  Bboords  of  Sinkinqs  and  Bobinqb.  By  W.  Whitakbb, 
B.A.,  F.R.S.,  with  contrihutions  by  H.  F.  Pabsoms,  M.D., 
H.  U.  Mill,  D.Sa,  and  J.  C.  Thbbsh,  D.Sa  8vo ;  pp.  177, 
with  map.     (1906.     Price  3s.  6(2.) 

In  this  memoir  Mr.  Whi taker  gives  a  general  outline  of  the 
water-bearing  strata,  and  summarizes  some  points  of  special 
geological  interest  in  connection  with  the  numerous  records  of 
borings.  Notable  among  these  records  is  that  of  a  boring  at 
Olemsford,  which  proved  a  thickness  of  470  feet  of  Qlacial  Drift, 
much  to  the  perplexity  of  the  well-l>orer,  and  of  special  interest  to 
the  geologist  as  being  the  greatest  recorded  thickness  of  Qlacial 
Drift  in  Britain.  Full  details  are  given  of  the  Stutton  boring, 
which  was  carried  down  to  a  depth  of  1,525  feet,  reaching  Palsoozoio 
rocks  beneath  the  Gatilt.  The  records  deal  mostly  with  welln  or 
borings  for  water,  and  analyses  of  water  are  appended.  Dr.  Mill 
contributes  a  map  and  statistics  relating  to  the  rainfall. 

(5)  Watbb  Supply  of  the  East   Ridinq  of  Yorksuibk,  feou 

Undkbobound  Soukobs,  with  Heooeds  of  Sinkings  and 
BoBiNOS.  By  C.  Fox-Strangways,  F.G.S.,  with  contributions 
by  H.  R.  Mill,  D.So.  8vo;  pp.  181,  with  map  and  3 
illustrations.     (Price  3«.) 

This  memoir  contains  an  outline  of  the  geology  of  the  East 
Riding  and  of  portions  of  the  Vales  of  York  and  Pickering,  with 
especial  reference  to  the  water-bearing  strata.  It  contains  records  of 
all  known  sinkings  and  boringH  in  the  area,  together  with  analyses 
of  waters,  and  a  bibliograpliy.  There  is  also  a  section  on  the 
rainfall  with  a  colour-printed  map,  by  Dr.  Mill. 

(6)  Soils  and  Sub-Soils  from  a  Sanitary  Point  of  View.    With 

espkoial  referenoe  to  london  and  its  neighbourhood. 
By  Horace  B.  Woodward,  F.R.S.  Svo;  pp.  58,  with 
18  ilhistrations  and  colour-printed  map.  Second  edition. 
(Price  Is.  Gd.) 

The  object  of  this  work  has  been  to  supply  information  regarding 
sites  for  liouses  and  other  questions  involving  the  applications  of 
geology  to  sanitary  science;  and  it  includes  notes  on  sewage-farms 
and  cemeteries.  In  this  second  edition  the  chapter  treating  of  water- 
supply  and  drainage  has  been  enlarged,  witli  especial  reference  to  the 
residential  areas  within  easy  reach  of  the  Metropolis.  A  new  colour- 
printed  map  on  the  scale  of  an  inch  to  four  miles  is  given  in  the 
memoir.  It  includes  Guildford,  Sevenoaks,  Chelmsford,  and 
Rickmansworth. 
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II. — Thb  Tkhth  Mkxtino  of  the  Iktkbkatiohal  Gsolooioal 
CosoBKSS,  held  in  the  City  of  Mexioo,  September,  1906.  [Being 
the  Abstract  of  a  Beport  prepared  and  oommunicated  by 
Bkbnabd  Hobson,  M.So.  Yiot.,  F.Q.S.,  a  Memb.  Int.  Geol. 
CongreBs.] 

rpHE  tenth  triennial  meeting  of  the  International  Qeol(^cal 
X  Congress  was  held  this  year  in  the  city  of  Mexico.  The 
Mexican  Qovemment  acted  with  the  greatest  liberality  towards  the 
members  of  the  Congress,  while  the  inhabitants  of  the  country  did 
their  utmost  to  make  their  visitors  feel  that  Mexico  was  not  behind 
any  other  country  in  its  hospitality  to  strangers.  Excursions  to 
places  of  geological  interest  were  set  on  foot,  and  an  excellent 
guidebook,  containing  the  most  recent  information  relating  to  the 
districts  to  be  visited,  was  provided.  The  excursions  included  visits 
to  Vera  Cruz,  the  volcanoes  of  JoruUo  and  Colima,  Mitla  Monterrey, 
San  Luis  Potosi,  the  isthmus  of  Tehuantepec,  etc. 

The  Congress  was  opened  in  the  School  of  Mines  on  September  6th 
by  the  President  of  the  Republic,  General  Porfirio  Diaz. 

The  first  paper  presented  was  a  memoir  entitled  "Die  Trochilisken," 
by  M.  Earpinski.  These  are  fossils  of  problematic  origin,  limited  to 
the  Devonian.  Mr.  Heilprin  read  a  paper  on  "The  concurrence 
and  interrelation  of  Volcanic  and  Seismic  Phenomena,"  in  which  he 
advanced  the  opinion  that  earthquakes  considered  to  be  of  tectonic 
origin  may  really  be  due  to  volcanic  agency  sometimes  remote  from 
the  seat  of  the  disturbances.  In  the  discussion  which  followed 
Professor  A.  C.  Lawson,  of  Berkeley,  California,  dissented  from 
this  view. 

Dr.  Henz*8  paper,  **  Ueber  das  altere  Mesozoicum  Griechenlands," 
showed  the  iniportaDce  of  the  marine  Trias  of  Alpine  facies  in 
Greece,  and  pointed  to  the  identity  with  the  Trias  of  some  marmorized 
limestones  hitherto  regarded  as  Cretaceous. 

On  September  7th  a  party  of  the  members,  under  the  guidance  of 
the  Secretary,  Mr.  E.  Ordonez,  inspected  the  olivine-basalt  lava 
stream  at  Coyoacan,  six  miles  SS.W.  of  Mexico.  The  lava  issued 
from  the  volcano  of  Xitli,  and  it  covers  60  square  kilometres,  being 
30  kilometres  long  and  5  kilometres  in  maximum  width 
(E.  Ordonez  in  Bol.  del  Inst.  Geol.  de  Mexico,  No.  2,  1895). 

At  the  meeting  on  the  8th  September  Professor  F.  D.  Adams,  of 
Montreal,  described  the  Geological  Map  of  North  America  prepared 
at  the  expense  of  the  Geological  Survey  of  the  United  States,  the 
material  having  been  siii)plied  by  the  Geological  Surveys  of  Mexico, 
the  United  States,  and  Canada.  The  nomenclature  adopted  is  that 
of  the  American  Survey.  In  the  discussion  following  the  reading  of 
this  paper  the  nomenclature  was  in  some  points  called  in  question 
by  the  Canadian  geologists  present. 

Professor  Edgeworth  David,  of  Sydney,  then  read  a  paper  on 
**  Changes  of  Geological  Climates,"  with  special  reference  to  Cambrian 
and  Permo-Carboniferous  glaciation  in  Australia  and  India. 

The  climatio  evolution  of  the  earth   from  the  Palseozoic  to  the 
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present  epocb  was  the  snbjeot  of  a  paper  by  Profesfsor  Freoli,  of 
Breslaa,  who  maintained  that  this  evolution  has  always  progressed 
in  correlation  with  changes  in  the  proportion  of  carbon  dioxide  and 
•qoeoos  vapour  in  the  atmosphere.     A  discussion  upon  this  paper  took 

Slaoe  at  the  afternoon  session.  Professor  Stefanescn,  of  Bucharest; 
escribed  a  new  species  of  Dinothertum,  viz.  D,  gigantiaBtmum  (Stef.), 
which  he  discovered  in  1888  at  Manzati,  in  Koumania.  This  is  the 
first  complete  skeleton  found  up  to  the  present  time. 

An  excursion,  in  which  190  members  of  the  Congress  took  part, 
was  made  on  the  following  day  (9th  September),  under  the  auspices 
of  the  Mexican  Geological  Society,  to  Cuernavaca,  74  miles  south  of 
the  city  of  Mexico.  Fine  views  were  obtained  en  route,  including 
a  distant  one  of  the  snow-capped  Popocatapetl. 

On  the  10th  September  the  discussion  on  the  condition  of  climates 
in  geological  time  was  renewed  and  concluded,  and  on  the  11th 
a  large  number  of  members  joined  in  an  excursion  to  San  Juan 
Teotihnacan,  the  sacred  city  of  the  ancient  Toltecs,  situated  29 
miles  north-east  of  Mexico.  Here  they  inspected  two  pyramids 
dedicated  to  the  Sim  and  Moon,  the  former  216  and  the  latter 
151  feet  in  height. 

The  meeting  of  the  12th  September  was  occupied  by  the  reading 
and  discussion  of  a  paper  by  Mr.  Job.  Konigsberger,  entitled 
**Ueber  den  Verlauf  der  Geoisothermen  in  Bergen  und  seine 
Beeinflussnng  dnrch  Schichtstellung,  Wosserlaufe,  und  chemisohe 
Processe."  It  was  followed  by  papers  on  the  latest  eruption  of 
Vesuvius  by  Mr.  Sabatini  and  Dr.  Tempest  Anderson,  and  in  the 
evening  of  that  day  the  members  of  the  Congress  were  entertained 
at  a  banquet  at  the  palace  of  His  Excellency  the  President. 

An  excursion  to  the  silver-mines  of  Pachuca  was  carried  out  on 
the  13th  September. 

On  the  14th  September  Professor  A.  C.  Lawson  presented  his 
paper  on  the  earthquake  of  San  Francisco,  which  provoked  an 
interesting  discussion.  Professor  Freeh  pointed  out  the  analogy 
between  the  Cnlifominn  earthquakes  and  tliose  preceding  them  in 
Europe,  notably  that  of  Dobratsch,  in  Carinthia.  He  drew 
attention  to  the  fact  that  the  earthquake  of  Dobratsch  followed, 
equally  with  that  of  California,  a  certain  tectonic  line  which  was 
conspicuous  both  in  the  mountain  formation  and  in  the  course  of  the 
valleys.  He  also  pointed  out  the  remarkable  fact  that  in  neither 
country  was  there  any  true  volcanic  action. 

A  paper,  which  must  have  proved  interesting  to  the  glacialists, 
was  read  by  Professor  A.  P.  Coleman,  of  Toronto,  on  **  Interglacial 
Periods  in  Canada." 

"A  Meteorite  Crater  of  Arizona"  was  the  subject  of  a  com- 
munication by  Professor  H.  L.  Fairchild,  of  Philadelphia,  and  in  the 
afternoon  of  the  same  day  Professor  Edgeworth  David  read  his 
paper  on  the  occurrence  of  diamond  in  matrix  at  Oakey  Creek, 
Inverel,  New  South  Wales. 

Mr.  H.  F.  Reid,  of  Baltimore,  then  commnnioated  an  extract  from 
the  report  of  the  International  Committee  on  glaciers,  and  the 
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General    Secretary    that    of   the    Committee    on    Co-operation  in 
Qeologioal  Investigations. 

Mr.  Sjogren,  of  Stockholm,  gave  an  invitation  for  the  eleventh 
meeting  of  the  Congress  to  take  place  at  Stockholm,  at  the  instance 
of  Messrs.  Tornebohm  and  J.  G.  Anderson,  President  and  Secretary 
of  the  Swedish  Committee.  This  invitation  was  gladly  accepted, 
and,  after  some  congratulatory  remarks  by  the  President  and  others, 
the  Congress  wm  declared  closed. 


I^  E!  "V  I  E  "W"  S. 


I. — Gboloot  of  Abhenia.. 

A  Treatise  om  the  Geoloqt  of  Armenia.  By  Felix  Oswald, 
B.A.,  D.Sc.  Thesis  accepted  by  the  University  of  London  for 
the  Degree  of  Doctor  of  Science.  In  two  parts :  I.  Geological 
resalts  of  a  journey  by  the  author  through  Turkish  Armenia. 
II.  The  Geological  Record  of  Armenia.  8vo;  pp.  ix,  516,  maps, 
plates,  and  sections.  London  (printed  at  Dulwich  by  the  author, 
and  published  by  the  author  at  lona,  Beeston,  Notts),  October, 
1906.     Price  one  guinea,  net,  100  copies  only  printed. 

rpHIS  is  a  remarkable  book  in  more  ways  than  one.  It  is  no  small 
X  foat  to  write  a  book  on  the  geology  of  Armenia,  which 
embodies  all  that  has  gone  before,  plus  a  vast  amount  of  original 
research  ;  but  when  the  traveller  and  author  deliberately  sits  down  to 
set  up  his  own  manuscript,  draw,  print,  and  colour  his  own  maps 
and  sections,  and  turn  out  the  five  hundred  and  odd  pages  of 
a  complete  book,  with  the  sole  exception  of  the  binding,  it  demands 
more  than  passing  attention. 

Mr.  (now  Dr.)  Oswald  accompanied  Mr.  FT.  F.  B.  Lynch  on  his 
second  journey  through  Turkish  Armenia  in  1898.  Mr.  Lyncirs 
volumes  appeared  in  1901,  and  the  delay  in  publication  of 
Dr.  Oswald's  book  is  due  to  the  fact  that  he  prepared  many  of  the 
maps,  plans,  and  other  illustrations  for  his  friend's  work,  before  finding 
the  necessary  leisure  to  prepare  his  own.  He  acknowledges  help 
received  from  Dr.  T.  G.  Bonney,  Mr.  R.  B.  Newton,  Mr.  G.  C.  Crick, 
Col.  F.  R.  Maunsell,  and  Col.  G.  S.  Elliot,  and  these  names,  toj^etlier 
with  the  Bibliography  (pp.  487-500)  and  the  general  treatise  on 
Armenian  geology,  show  that  the  work  has  been  sweeping  and 
comprehensive  in  character. 

The  country  dealt  with  lies  between  the  Caspian  and  Black  Seas, 
including  to  the  south  the  Euphrates  and  Tigris  rivers  and  the  lakes 
Van  and  Urmi.  The  author's  route,  told  in  successive  chapters  each 
geologically  treated,  was  as  follows: — Constantinople  to  Trebizond. 
Trebizond  to  the  Vavuk  Pass,  to  Erzerum,  to  Khinis,  to  Tutakh,  to 
Aklilat,  thence  to  the  Tauric  Heights,  the  Nimrud  Volcano,  Akhlat 
to  Sipan,  to  Khaniur,  to  the  Bingiil  Cliffs,  Bingol  Volcano,  Erzerum 
to  Trebizond.  The  oliservations  made  during  this  journey  occupy 
thirteen  chapters,  and  the  remaining  ten  cha^Jters  treat  of  the  general 
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geology  of  Armenia  system  by  system.  The  volume  closes  with 
a  note  by  Dr.  Bonney  on  rocks  oollected  by  Mr.  Lynch  in  1893, 
a  bibliography,  and  voluminous  index.  On  the  value  of  the  two  last 
items  we  need  not  enlarge. 

In  an  introductory  chapter  Dr.  Oswald  discusses  the  orography 
of  the  Asiatic  continent,  and  calls  attention  to  the  Armenian  plateau 
as  the  natural  bridge  between  Central  Asia  and  Southern  Europe, 
illustrating  his  remarks  with  maps.  He  regards  the  chief  eras  of 
mountain  folding  in  Armenia  as  belonging  to  the  Lower  Permian, 
ante-Tithonian,  and  post-Oligocene  periods,  and  at  each  time  the 
pressure  came  from  the  south  (the  Arabian  tableland),  while  the 
northern  limit  to  all  this  folding  was  foimed  by  the  great  granitic 
'horst'  of  the  Meschic  Mountains.  The  lines  of  fracture  are 
carefully  explained  in  the  text  and  on  the  maps,  and  the  author 
points  out  that  the  position  of  the  numerous  volcanos  of  Armenia  is 
by  no  means  fortuitous,  but  on  the  contrary  they  have  invariably 
arisen  along  these  lines,  while  those  volcanos  which  occur  at  points 
of  intersection  are  proportionately  larger.  Qently  folded  Miocene 
limestones  are  characteristic  of  the  plateau,  but  never  occur  in  the 
border  ranges ;  on  the  other  hand,  while  metamorphio  schists  are 
characteristic  of  the  Taurus,  they  occur  only  quite  exceptionally  in 
the  plateau  region.  The  depressions  along  the  lines  of  fracture 
became  filled  by  lake-deposits  during  Pliocene  and  Pleistocene  times, 
and  lavas  and  tu£fs  of  contemporary  volcanos  became  interbedded 
with  the  later  deposits,  and  assisted  in  levelling  the  pre-existing 
inequalities  of  the  ground. 

Special  attention  has  been  paid  to  tlie  petrology,  and  numerous 
long  footnotes  describe  in  detail  tlie  rocks  met  with  by  the  author  in 
bis  journey,  llie  book  is  remarkably  free  from  misprints,  is  full  of 
topographical  detail,  and  is  the  first  attempt  which  has  been  made  to 
write  a  systematic  geological  history  of  an  interesting  portion  of  the 
world.  One  can  only  regret  that  Dr.  Oswald  has  (owing  to  the 
extreme  difQculties  under  which  his  volume  has  been  produced) 
printed  but  one  hundred  copies,  for  it  is  quite  evident  tliat  his  book 
must  remain  for  a  considerable  period  the  chief  work  of  reference  on 
the  geology  of  Armenia.  G.  D.  S. 


IL — Geological  Map  op  the  Colony  op  the  Cape  op  Good 
Hope.  Slieet  I.  Publislied  by  the  Geological  Commission, 
1906.  Geology  :  by  A.  W.  Kogeus,  E.  H.  L.  Schwauz,  and 
A.  L.  Du  ToiT. 

ri1HE  Geological  Commission  of  Cape  Colony  has  now  been  at 
X  work  for  over  ten  years.  Daring  this  period  it  has  issued 
valuable  Annual  Reports  with  small  scale  maps  illustrating  the 
areas  surveyed.  The  present  map,  then,  can  be  regarded  as  the 
outcome  of  years  of  arduous  field-work,  undertaken  by  the  Director, 
Mr.  A.  W.  Rogers,  with  the  assistance  of  Messrs.  E.  H.  L.  Schwarz 
and  A.  L.  Du  Toit.  Tiie  manner  in  which  this  survey  has  always 
been  carried  on  has  led  us  to  expect  that  the  final  map  would  be 
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a  standard.  There  can  be  no  doubt  that  Sheet  I  represents  the 
results  of  long-continued  and  brilliant  geological  investigation. 

The  present  map,  which  is  on  the  scale  of  about  3*7  miles  to  the 
inch,  includes  Gape  Town  and  its  well-known  suburbs ;  the  towns 
of  Robertson,  Ladygrey,  Galedon ;  and  the  coastline  from  a  little 
north  of  Gape  Town  to  within  ten  miles  of  Cape  Agulhas.  The 
farms  are  named  and  their  boundaries  represented.  Heights  are 
unfortunately  few  and  far  between — a  serious  omission  on  a  map  on 
which  the  mountain  ranges  are  only  indicated  by  a  name  written 
along  their  general  trend. 

The  geological  formations  represented  by  colour  extend  from  the 
Malmesbnry  Series  to  the  Uitenhage  Series,  the  superficial  deposits 
being  uncoloured.  The  intrusive  rocks  are  shown  by  two  colours, 
one  for  the  dolerites  and  diabases  and  another  for  the  quartz 
porphyries  and  granites  intrusive  into  the  Malmesbury  Series.  The 
colours  throughout  are  clear  and  distinctive,  and  bring  oat  the 
structure  at  a  glance. 

The  alterations  from  maps  published  previous  to  the  work  of  the 
Commission  include  the  representation  of  a  series  of  grits,  arkose, 
and  conglomerates — French  Hoek  Beds — probably  newer  than  the 
Malmesbury  Series  and  certainly  older  than  the  Table  Mountain 
Sandstone.  Tlie  Witteberg  Series  are  separated  and  oolonred 
distinctively  from  the  Table  Mountain  Sandstone.  This  clearly  brings 
out  the  structure  of  the  folded  regions.  A  considerable  area  of  the 
Dwyka  Series  and  Ecca  Series  is  shown  on  the  downthrow  side 
of  the  Worcester-Robertson  Fault.  The  Enon  Conglomerate  is 
definitely  correlated  with  the  Uitenhage  Series. 

It  is  nowadays  demanded  of  a  Geological  Survey  that  it  should  be 
of  economic  value.  In  questions  of  water  supply  from  underground 
sources,  irrigation  works,  and  agriculture,  the  present  map  is 
patently  of  service.  It  is  not,  however,  so  generally  known  that  the 
systematic  geological  survey  of  Cape  Colony  has  yielded  results  of 
fundamental  importance  in  determining  the  geological  succession  of 
the  neighbouring,  and,  from  a  mining  point  of  view,  more  favoured 
colonies.  In  this  respect  it  is  not  altogether  gratifying  to  learn  that 
the  work  of  the  Cape  Geological  Surveyors  is  more  keenly  watched 
and  more  highly  appreciated  abroad  than  in  this  country. 

While  engineers  will  naturally  make  use  of  these  maps,  no 
geologist,  claiming  to  be  cosmopolitan  in  his  aims,  can  neglect  the 
structure  so  clearly  illustrated  in  the  geology  of  Cape  Colony. 

The  map  is  unpriced. 


III. — A  New  Geological  Map  of  North  Amebioa. 

AT  the  meeting  of  the  Tenth  International  Geological  Congress 
in  the  city  of  Mexico,  on  September  6'th,  copies  of  a  new 
geological  map  of  North  America  were  distributed  to  the  members 
present.  Jt  is  accompanied  by  a  descriptive  text  written  by 
Mr.  J.  G.  Aguilera,  **  Apergu  sur  la  geologic  du  Mexique  pour 
servir  tL   Texplication   de   la   Carte  geologique  de   TAm^rique   da 
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Nord."  The  map  itself  is  entitled  "  Congrte  Qeologique  Inter- 
national. Dtzi^me  Session,  1906.  Jose  Q.  Aguilera,  Pr6sident. 
ESzequiel  Ordoiiez,  Secretaire  general.  Carte  Qeologique  de 
rAni6riqae  da  Nord.  Dreesee  d'apres  les  sources  officielles  des  Etats 
Unis,  du  Canada,  de  la  H6publique  du  Mexique,  de  la  Commission 
dn  Chemin  de  Fer  Intercontinental,  etc.  Henry  Gannett,  Geographe. 
Bailey  Willis,  Geologue.  Eobelle  1  :  5,000,000,  1906."  (Scale  = 
78*9  miles  to  one  inch.) 

The  map  embraces  the  whole  of  North  America,  and  includes 
Alaska,  the  Parry  Islands,  Greenland,  Iceland,  Canada,  United 
States,  Mexico,  Guatemala,  Honduras,  Nicaragua,  Costa  Bica, 
Panama,  the  West  Indies,  and  part  of  Colombia  and  Venezuela. 
Bj  an  extraordinary  oversight  the  island  of  Cozumel  o£f  Yucatan  is 
omitted.  Twenty-five  distinctive  colours  are  employed,  the  sub* 
dirisions  being  Effusive  Bocks,  Intrusive  Bocks,  Pre-Oambrian, 
Eo-Algonkian,  Neo«Algonkian,  Metamorphic  Palaeozoic,  Palasozoic, 
Oambro-Ordovician,  Ordovician,  Silnrian,  Devonian,  Carboniferous, 
Missiasippian,  Pennsylvanian,  Permian,  Trias,  Jurassic  and  Triassic, 
Lower  Cretaceous,  Upper  Cretaceous,  Laramie  and  allied  formations. 
Eocene,  Neocene,  Miocene,  Pliocene  and  Quaternary,  Quaternary. 
The  Quaternary  is  only  shown  in  localities  where  it  completely 
oovers  the  subjacent  formations. 

As  one  would  naturally  expect,  there  are  blank  areas  in  parts 
of  Alaska,  North- West  Canada,  Idaho,  Nevada,  Utah,  Arizona,* 
California,  New  Mexico,  Texas,  Lower  Califoi-nia,  and  the  States 
of  Guerrero,  Oaxaca,  and  Vera  Cruz,  and  parts  of  Honduras,  Costa 
Bica,  Nicaragua,  and  Panama. 

The  map  is  beautifully  printed,  and  consists  of  four  sheets,  each 
28i  inches  (73  cm.)  by  37^  inches  (94^  cm.),  measured  over  the 
engraved  work. 

The  comparative  scantiness  of  place-names  is  a  slight  drawback 
in  a  very  handsome  and  useful  map. 

The  colour  index  is  in  French  and  Spanish. 

This  map  is  the  result  of  a  resolution  proposed  by  the  late 
Professor  I.  C..  Bussell  at  the  Ottawa  meeting  of  the  Geological 
Society  of  America,  to  the  effect  that  it  was  desirable  to  prepare 
a  geological  map  of  North  America  for  the  Interaational  Congress 
at  the  city  of  Mexico.  A  committee  was  appointed,  consisting  of 
Professor  I.  C.  Bussell  (chairman),  Professor  F.  D.  Adams, 
6r.  Jose  G.  Aguilera,  Mr.  C.  W.  Hayes,  and  Mr.  Bailey  Willis. 
Mr.  Bailey  Willis  was  officially  charged  with  the  work  of  compiling 
.the  map. 

.  The  accompanying  pamphlet  by  Mr.  Aguilera  consists  of  a  title- 
page  and  22  pages  of  text  (size  of  page  II  inches  by  7^  inches), 
and  gives  a  useful  sketch  of  the  geology  of  Mexico.  Fuller  details 
will  be  found  in  the  ''  Sinopsis  de  geologia  Mexicana,*'  Bulletins  4, 
5,  and  6  of  the  Inst.  Geol.  de  Mexico,  1897,  of  which  an  abstract 
appeared  in  Science  Progress  (New  Series),  vol.  1, 1897,  pp.  609-615. 
A  pamphlet  by  Mr.  Bailey  Willis  entitled  *'  Carte  geoiogiqne  de 
J'Amerique  du  Nord "  X^d  in  English,  "(Geological  Map  of  North 
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America")  also  accompanies  the  map,  and  consists  of  a  title-page 
and  12  pages  (11  inches  by  1\  inches).  It  consists  chiefly  of 
historical  introduction  and  notes  on  classification  and  ooloiiring  of 
the  Geologic  Seriea.  Bernard  Hobsom. 


IV. — Geological  Survey  or  Canada.  A.  P.  Low,  B.So.,  Deputy 
Head  and  Director.  Paubozoio  Fossils.  Vol.  iii,  part  4 
(and  last).  By  J.  F.  Whiteaves,  LL.D.,  F.6.S..  F.R.S.C. 
pp.  243-352,  with  pis.  xxiii-xlii.     (Ottawa,  September,  1906.) 

11H1S  memoir  contains  four  distinct  papers,  numbered  in 
continuation  of  those  contained  in  the  previous  part8,  viz. : 
(5)  The  fossils  of  the  Silurian  (Upper  Silurian)  rocks  of  Eeewatin, 
Manitoba,  the  north-eastern  shore  of  Lake  Winnepegosis,  and  the 
lower  Saskatchewan  River.  (6)  The  Canadian  species  of  P/eeloe«*a« 
and  Barrandeoceras,  (7)  Illustrations  of  seven  species  of  fossils 
from  the  Cambrian,  Cambro-Silurian,  and  Devonian  rocks  of  Canada. 
(8)  Revised  list  of  the  fossils  of  the  Guelph  Formation  of  Ontario. 

5.  llie  Eeewatin  fossils  comprise  two  series.  The  first,  collected 
at  Rainy  Island  and  17  to  30  miles  below  it,  consist  of  few  and 
fragmentary  specimens  which  were  originally  referred  provisionally 
to  the  Devonian.  The  second  series,  obtained  in  1901  from  similar 
rocks  on  the  Ekwan  River  and  other  localities  in  the  province, 
furnished  unmistakable  evidence  of  the  true  age  of  the  rocks,  which 
proved  to  be  Silurian.  The  following  classes  are  represented  in 
these  collections,  which  contain  twenty-three  species  from  the 
Ekwan  River,  described  in  Ann.  Rep.,  vol.  xiv,  pt.  F,  1904,  but 
illustrated  in  this  memoir  for  the  first  time : — Spongiae,  Anthozoa, 
Hydrozon,  Echinodermata,  Polyzoa,  Brachiopoda,  Mollusca,  Crustacea 
(Ostracoda,  Trilobita). 

The  fossils  from  Manitoba  (Stonewall  and  Davis  Point,  Lake 
Manitoba)  comprise  a  few  species  of  Corals,  Brachiopods,  and 
Molluscs  ;  those  from  Davis  Point,  Lake  Manitoba,  three  species  of 
Corals  and  a  doubtful  Stroroatoporoid.  From  the  north-east  shore 
of  Lake  Winnepegosis,  and  also  from  the  Lower  Saskatchewan, 
species  representative  of  the  Anthozoa,  Brachiopoda,  Mollusca,  and 
Crustacea  were  obtained. 

6.  This  section  contains  critical  comments  upon  tlie  following 
species  of  Flectocevas  and  Barrandeoceras ;  the  original  descriptions 
of  both  genera  and  species  being  given  in  full : — Plectoceras  Jason, 
Billings  (sp.) ;  P.  Halli,  Foord  (sp.) ;  P.  (?)  undn/nm,  Conrad  (sp.) ; 
Barrmtdeoceras  natator,  Billings  (sp.)  ;  B.  Minganense,  Hyatt; 
B,  subcosttdatumf  Whiteaves;  B,  vagrans,  Billings  (sp.). 

7.  These  species  have  been  described,  at  various  times,  in  the 
Canadian  Record  of  Science  or  in  the  Ottawa  Naturalist,  but  none 
of  them  have  been  either  described  or  figured  in  the  publications 
of  the  Geological  Survey,  and  four  have  not  previously  been  figured 
anywhere.  They  are  as  follows :  —  Anomaloearis  Can^tdensis, 
Whiteaves,  from  the  Cambrian  rocks  of  British  Columbia,  a  species 
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of  doabtful  affinities ;  Cijrtoeeras  Quebecensis,  Whiteaves,  from  the 
Levis  Formation  of  Quebec ;  Sieganoblastus  OttawaensiSf  Whiteaves, 
Matheria  brevis,  Wliiteaves,  and  Spyroceras  Beauportense,  Whiteaves, 
from  the  Trenton  Limestone  of  Quebec  and  Ontario. 

8.  This  liHt  chiefly  concerns  the  nomenclature  of  the  species, 
which  has  been  brought  up  to  date,  but  it  also  includes  changes 
made  in  the  identification  of  the  species  based  on  the  reconsideration 
of  their  supposed  affinities  in  the  light  of  new  or  more  ample 
material.  Dr.  Whiteaves  adds  important  observations  on  some  of 
the  species  from  his  own  rich  stores  of  knowledge,  and  Dr.  £.  0. 
nirioh  also  contributes  valuable  criticisms  on  some  of  the  species 
that  were  submitted  to  him.  The  groups  dealt  with  belong  to  the 
Anthozoa,  Hydromedusao,  Brachiopoda,  and  MoUusca. 

An  appendix  containing  errata  to  parts  1-3  of  the  volame,  and 
an  index  to  the  generic  and  specific  names  in  the  whole  volume, 
complete  the  work.  A.  H.  F. 


V.--GB0LOOI0AL  Survey  :  Western  Australia.  Bulletin  No.  22 : 
The  Auriferous  Deposits  and  Mines  of  Menzies,  North 
CooLOARDiE  GrOLD field.  By  Harry  P.  WooDWARD,  Assistant 
Government  Geologist.  8vo ;  pp.  1-92,  with  two  maps  and 
six  plates  of  sections.     (Perth,  W.A.,  1906.) 

fllHlS  excellent  report  upon  the  important  gold-mining  district  of 
JL  Menzies  forms  part  of  a  series  treating  of  different  mining 
centres  of  the  State. 

The  geological  work  is  based  upon  Mr.  W.  D.  Campbell's 
topographical  map  prepared  in  the  year  1899.  The  area  embraced 
by  the  report  covers  about  50  square  miles,  and  includes  the 
productive  part  of  the  district  so  far  as  it  has  been  investigated. 

In  its  salient  geological  features  Menzies  consists  of  a  complex  of 
basic  rooks  with  intrusive  acidic  dykes  which  were  most  probably 
derived  from  the  large  granitic  mass  forming  the  higher  ground  in 
the  vicinity  of  Springfield,  near  the  eastern  border  of  the  map. 
A  covering  of  superficial  deposits  has  rendered  geological  mapping 
difficult,  but  the  different  rook  masses  have  been  delineated  as 
accurately  as  the  scale  of  the  field  plans  would  admit  of. 

The  basic  crystalline  rooks  are  of  much  importance  owing  to  their 
intimate  connection  with  the  auriferous  quartz  reefs  of  the  district. 
They  consist  mostly  of  am phiboliteanddiorite,  with  their  derivatives — 
serpentine,  chlorite,  and  hornblende  schists. 

The  acidic  rocks  occupy  only  a  relatively  limited  area  of  the 
surface  in  the  vicinity  of  Springfield,  though  their  presence  to  the 
north  and  west  has  been  proved  in  wells  and  quarries.  They 
consist  of  gneiss,  mica  schist,  and  sericite  schist,  and,  as  is  the  case 
with  the  basic  rocks,  the  schistose  character  seems  to  be  lost  at 
a  variable  depth  below  the  surface.  A  portion  of  the  field  is 
traversed  by  numerous  acidic  dykes,  generally  represented  by  sericite 
schists  and  allied  rooks,  with  transitions  to  porphyritic  granite. 

The  quartz  reefs,  which  are  confined  to  the  greenstones,  are  of 
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various  types  and  of  somewhat  different  oharaoters.  Most  of  the 
gold  from  Menzies  has  been  obtained  from  s^regation  reefs,  which 
have  an  irregularly  lenticular  form ;  they  constitute  a  series  of 
small  but  rich  parallel  veins.  There  are  also  one  or  two  fissure 
veins,  which  though  poor  in  their  gold  contents  are  promising  by 
reason  of  their  extent  and  their  probable  continuity  in  depth. 

Mr.  Woodward  has  made  an  examination  of  all  the  mines  to  which 
he  could  obtain  access,  and  has  supplied  full  descriptions  of  each  in 
relation  to  their  economic  value  and  to  their  geological  characteristics. 

Statistics  show  that  a  little  more  than  400,000  ounces  of  gold  were 
obtained  up  to  the  close  of  1905,  and  it  is  observed  that  a  considerable 
quantity  is  still  got  out  by  working  miners  aided  by  a  State  battery. 

This  report  by  Mr.  H.  P.  Woodward  deserves  commendation  for 
the  very  careful  manner  in  which  it  has  been  prepared,  and  the 
Chief  Qeologpst  is  to  be  congratulated  upon  having  acquired  the 
services  of  so  able  a  coadjutor  in  the  work  of  the  Survey. 

A.  H.  F. 


Gkolooioal  Society  or  London. 

The  opening  meeting  of  the  Session  was  held  on  November  7th, 
1906.  Sir  Archibald  Geikie,  D.C.L.,  Sc.D.,  SecR.S.,  President, 
in  the  chair. 

The  following  communications  were  read  : — 

1.  **  The  Upper  Carboniferous  Rocks  of  West  Devon  and  North 
Cornwall."     By  E.  A.  Newell  Arber,  M.A.,  F.L.S.,  F.G.S. 

After  a  reference  to  the  previous  work  in  the  area,  the  author 
gives  a  description  of  the  coast-sections,  which  display  a  highly 
disturbed  sequence  of  Upper  Carboniferous  rocks.  Special  attention 
is  paid  to  two  lithological  types  —  the  carbonaceous  ix)cks, 
which  contain  inconstant  and  impersistent  beds  of  the  impure, 
smutty  coal,  known  locally  as  *  culm  ' ;  these  beds  have  yielded 
plant-remains  ;  and  the  calcareous  rocks,  partly  of  marine  and  partly 
of  fresh-water  origin,  consisting  of  well-marked,  impersistent  bands 
of  impure  limestone,  and  conglomeratic  beds  of  calcareous  nodules 
embedded  in  shales.  One  of  the  limestone  bsnds,  the  Mouthmill 
Limestone^  is  marine,  and  contains  an  abundant  fauna;  while  in 
others  the  only  fossils  are  CnlamiUa  Suckotoi  and  Alethopteris 
Umchitica.  The  calcareous  nodules,  which  are  not  ferruginous, 
occur  in  thin  shale-beds,  2  to  3  feet  thick ;  they  commonly  contain 
a  marine  fauna,  with  Goniatites,  Lamellibranchs,  and  fish-remains. 
Tlie  fossil  flora  and  the  horizon  of  the  beds  are  next  discussed,  lists 
of  plants  being  given  from  various  localities;  and  the  conclusion 
is  reached  that  the  rocks  belong  to  the  Middle  Coal-measures,  and 
that  there  is  no  evidence  of  Upper  Coal-measures.  Conglomerates 
of  water- worn  pebbles  are  also  present,  the  pebbles  being  derived 
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plant-petrifioations,  possibly  of  earlier  age  than  the  sandstones  and 
shalea  in  which  they  ooour.  Two  distinct  and  unmingled  faunas 
are  present  in  the  rocks :  one  consists  of  fresh-water  Lamellibranohsi 
and  the  other  of  marine  fishes,  Gephalopods,  and  Lamellibrancbs ; 
and  the  evidence  as  to  horizon  obtained  from  them  agrees  with 
that  yielded  by  the  plant-remains.  Tbe  paper  concludes  with  a 
bibliography. 

2.  ^'The  Titaniferous  Basalts  of  the  Western  Mediterranean." 
By  Dr.  Henry  8.  Washington,  For.  Corr.  Geol.  Soc. 

In  1905  the  author  visited  the  volcanic  districts  of  Catalonia, 
Sardinia,  Pantelleria,  and  Linosa.  He  recognizes  tbe  existence  in 
this  region  of  a  hitherto  unrecognized  petrographic  province,  in 
which  the  basalts  contain  a  remarkably  high  percentage  of  titanium. 
The  rocks  are  of  Tertiary  age.  Labradorite,  augite,  and  olivine  are 
the  essential  minerals,  with  titaniferous  magnetite  and  apatite,  and 
in  some  cases  subordinate  nepheline.  Tlie  rocks  vary  from  compact 
to  highly  vesicular;  they  are  not  conspicuously  porphyritic,  though 
small  phenocrysts  of  augite  and  olivine,  and  occasionally  felspar,  are 
sometimes  present  Olivine  nodules  occur  in  some  cases.  The 
textures  are  those  common  in  basalts,  and  ophitic  relations  are  almost 
wanting.  A  series  of  analyses  is  given ;  the  silica  varies  from  44 
to  52  per  cent.,  the  alumina  from  12  to  19,  and  the  titanium-oxide 
from  2  to  5.  The  last  oxide  appears  to  be  chiefly  contained  in 
titaniferous  magnetite.  Phosphoric  pentoxide  is  distinctly  abundant, 
and  appears  to  vary,  as  the  titanium  does,  with  the  amount  of  iron- 
oxides.  Soda  is  dominant  over  potash  in  every  instance.  The 
augites  are  almost,  if  not  quite,  colourless.  The  classification  of  the 
rocks  according  to  tbe  quantitative  system  is  discussed,  and  the 
majority  of  the  basalts  fall  into  the  *  Salfemane'  class,  the  exceptions 
being  some  of  the  Sardinian  basalts  and  that  of  Graham's  Island. 

The  extent  of  the  region  is  as  yet  problematical,  and  the  author 
points  out  that  along  the  southern  co^ist  of  France  there  are  several 
*  basaltic '  volcanoes,  and  it  is  possible  that  these  may  eventually 
turn  out  to  be  connecting  links  between  the  rocks  of  Sardinia  and 
those  of  Catalonia,  or  possibly  extruHion  southward  is  indicated  by 
the  occurrence  of  phonolite  at  Maid  Gharian,  near  Tripoli. 


C0I^I^Es:P02^rI^J532^rc£3. 

THE   SOMABULA   DIAMOND    FIELD. 

Sir, — Some  mouths  ago  Sir  John  Willoughby  presented  to  the 
Museum  of  Practical  Geology  a  selection  of  minerals,  accompanied 
by  photographs  and  plans,  to  illustrate  the  geology  of  the  Rbodesian 
diamond  fields.  These  are  now  on  exhibition  on  the  main  floor  of 
the  Museum.  It  fell  to  my  lot  to  determine  the  minerals,  and  as 
the  results  are  not  exactly  the  same  as  those  obtained  by  Mr.  Mennell 
und  gpiven  in  his  paper  on  the  Somabula  diamond  field  in  the 
October  number  of  the  Geoloqioal  Maoazinb,  I  take  the  liberty  of 
sending  you  a  few  notes. 
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Tbe  principal  disorepanoy  between  our  results  is  that  the 
remarkable  variety  of  enstatite,  very  haril  and  sometimes  of  a  red- 
brown  colour,  which  he  describes  as  common  in  the  deposits, 
is  absent  from  all  the  collections  which  I  have  seen.  Staurolite, 
on  the  other  hand,  which  he  does  not  mention,  is  very  abundant. 
It  occurs  in  worn  crystals,  black  or  dark  brown,  and  with  crystalline 
faces  not  good  enough  for  measurement  on  the  reflecting  goniometer. 
The  angles,  however,  agree  well  with  those  of  staurolite.  A  ourions 
fact  is  that  no  cross  twins,  so  characteristic  of  this  nainer&l,  were 
observed  among  the  crystals.  Seeing  that  kyanite  is  so  abundant, 
the  presence  of  staurolite  is  exactly  what  might  be  expected. 
Mr.  Mennell  is  not  disposed  to  agree  with  Professor  Gregory  that 
the  diamonds  may  have  been  derived  from  pegmatites,  but  the 
conclusion  to  which  I  was  led  by  an  inspection  of  the  minerals  of 
the  alluvial  deposit  was  that  they  could  have  come  only  from  the 
margin  of  a  granite  and  a  contact  aureole.  The  whole  paragenesis 
indicates  this.  Not  one  of  the  minerals  I  have  seen  resembles  those 
of  the  Eimberley  diamond  pipes.  John  S.  Flett. 


THE    TRIMINGHAM    CHALK. 

Sib, — It  seems  to  me  also  desirable  to  make  a  few  comments  on 
Mr.  Brydone's  letter  in  your  November  number.  I  did  not  "  affect  to 
regard  "  his  note  about  his  use  of  the  magnetic  for  the  true  north  "  as 
addressed  to  myself  personally.*'  The  communication,  though  it  also 
expressed  Mr.  HilTs  views,  was  written  by  myself  to  save  time  and 
trouble.  Our  remark  was  not  intended  as  a  criticism  of  anybody, 
but  to  explain  why  we  had  not  altered  the  terms  which  we  b^^n  to 
employ  fourteen  years  ago,  when  our  attention  was  concentrated 
more  on  the  hypothesis  advanced  in  the  Geological  Survey  Memoir 
than  on  verbal  details.  We  took  those  terms  from  the  general 
direction  of  the  coast,  as  shown  on  the  Ordnance  Survey  Map,  and 
I  maintain  that  our  practice,  the  statements  in  my  note  (except  that 
the  misprint,  Weymouth  for  Weybourne,  escaped  correction),  and 
ray  use  of  the  word  *  trend  '  are  correct.  The  **  trend  of  a  coast " 
is  not  **ever  varying  from  point  to  point  and  as  you  take  it  at  the 
base  or  top  of  the  cliff,'*  but  it  expresses,  according  to  Nares, 
Johnson,  Webster,  and  others,  the  general  direction,  especially 
where  there  is  a  bending,  of  a  coast,  mountain  chain,  eta 

I  never  asserted  the  arch  in  ray  sketch  to  be  identical  with  that  to 
which  Mr.  Brydone  referred  in  his  papers.  I  said  '*  the  isolation  of 
the  more  notable  bluff  is  now  complete,"  and  gave  a  description  of 
what  then  remained.  My  sketch  and  the  photograph  published  by 
Mr.  Hudleston  in  your  November  number  exhibit  the  later  stages 
of  the  work  begun  in  October,  1905.  My  purpose  in  stating  that 
a  certain  mass  of  chalk  was  a  separate  boulder  was  to  imply,  not 
that  Mr.  Brydone  had  denied  this,  but  that  the  fact,  under  all  the 
circumstances,  diminished  rather  than  increased  the  probability  of 
a  neighbouring  mass  being  a  seastack. 
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In  regard  to  the  line  {g)  in  niy  sketch  (the  basement  bed, 
according  to  Mr.  Brydone,  of  the  grey  ohalk)  and  my  missing  it  on 
the  opposite  side,  I  can  only  plead  the  difficulty  of  seeing  what  one 
believes  to  be  non-existent,  but  must  confess  that  I  did  not 
nnderstand  him  to  mean  that  the  0.  Innata  chalk  had  such 
a  ourionsly  irregular  surface  as  he  as^iigns  to  it  in  his  last  letter ; 
that,  however,  in  my  opinion,  only  increases  the  difficulties  in  his 
hypothesis  of  an  intra- Cretaceous  unconformity.  As  this  hypothesis 
appeared  to  me  (as  it  still  does)  a  fundamental  one,  and  the 
other  evidence  insufficient  to  overcome  its  inherent  improbability, 
I  considered  myself  justified  in  limiting  my  criticism  to  the  questions 
which  lay  within  my  more  special  field  of  work,  and  am  now  content 
to  await  further  developments  as  the  sea  continues  its  inroads. 

T.    G.   BONNIY. 
9,  ScRooPB  Terracs,  Cambudob. 


THICKNESS   OF   LAND-ICE. 

Sib, — I  have  just  sufficient  acquaintance  with  your  reviewer  of 
Chamberlin  &  Salisbury's  Text-book,  vol.  i,  to  be  able  to  discuss 
what  was  in  his  mind  in  penning  the  sentence  to  which  ProfesRor 
Schwarz  takes  exception  in  your  November  number,  though  I  shall 
not  venture  to  defend  his  gratuitous  interjection  of  a  reference  to 
Professor  Schwarz*8  views  on  the  occasion  in  question. 

Professor  Schwarz  claims  that  certain  physicists  have  proved  by 
calculation  that  ice  cannot  attain  a  greater  thickness  on  the  earth's 
surface  than  1,400  to  1,600  feet,  nnd  with  implicit  faith  in  this 
calculation  he  seeks  to  reconcile  tbe  result  with  the  geological 
evidence.  The  reviewer,  however,  probably  lacking  sufficient 
knowledge  of  physics  to  criticize  the  calculation,  and  being  also 
doubtful  whether  the  result  is  one  on  which  all  physicists  are 
agreed,  has  fallen  back  upon  the  available  geographical  and  geological 
evidence,  and  on  this  evidence  alone  has  felt  no  hesitation  in 
rejecting  the  postulated  limits.  He  has,  no  doubt,  considered  that 
the  Greenland  ice-sheet,  as  described  by  Peary,  must  at  its  maximum 
far  exceed  the  thickness  allowed  by  these  physicists;  and  he 
probably  also  still  believes  that  the  Antarctic  ice  in  the  valleys 
of  the  interior  surpasses  this  limit,  in  spite  of  the  ingenious 
argument  of  Professor  Schwarz  as  to  the  progressive  deepening  of 
such  valleys. 

Then,  as  regards  bygone  glaciation,  the  reviewer  perhaps 
remembered  the  glacial  phenomena  in  British  Columbia,  where 
there  is  every  indication  that  ice-sheets  have  filled  pre-existing 
valleys  to  a  much  greater  depth  than  2,000  feet ;  and  he  may  have 
recalled  the  conditions  in  the  north-eastern  portion  of  the  United 
States,  where  the  uplift  of  boulders  in  the  Adirondacks,  if  due,  as 
nsually  believed,  to  land-ice,  must  imply  a  thickness  of  ioe  on  the 
Canadian  lowland  far  exceeding  the  supposed  limit. 

Or  without  going  so  far  afield,  he  may  have  had  in  mind  the 
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conditions  of  glaciation  in  the  Isle  of  Man,  where  the  highest 
«amniit,  over  2,000  feet  ahove  present  sea-level,  has  been  striated 
transversely  to  the  direction  of  the  hill -range  by  ice  which  most 
have  risen  considerably  above  the  summit,  while  there  is  strong 
evidence  that  the  same  ioe-slieet  filled  up  the  adjacent  basin,  now 
occupied  by  the  Irish  Sea,  which  was  certainly  in  existence  before 
the  glaciation.  And  indeed,  since  I  know  that  this  reviewer 
accepts  the  '  land-ice  theory '  for  our  glacial  drifts  he  would  find 
no  dearth  of  instances  where  the  geological  evidence  is  incompatible 
with  the  restriction  supported  by  Professor  Schwarz. 

Furthermore,  I  have  reason  to  believe  that  the  reviewer  gathered 
from  at  least  one  physicist  that  the  calculation  in  question  would  not 
be  trustworthy  under  the  conditions  of  a  moving  ice-sheet.  In 
short,  this  reviewer  and  I  are  at  one  in  concluding  that  the  evidence 
for  the  past  and  present  existence  of  ice  of  greater  thickness  than 
1,600  feet  is  so  strong  that  the  physicists  who  wish  to  apply  this 
limitation  may  be  advised,  in  their  own  interest,  to  revise  their 
calculations.  6.  W.  Lampluoh. 

KOTTINOUAM. 

November'  Ith,  190d. 


THE    KEISLEY    LIMESTONE. 


Sib, — While  welcoming  Dr.  Marr's  paper  on  the  Keisley  limestone, 
in  your  November  issue,  as  a  most  important  addition  to  our 
knowledge  of  that  rook,  I  should  like  to  point  out  a  slight  inaccuracy 
repeated  from  his  and  Nicholson's  previous  paper  on  the  Cross  Fell 
inlier — a  mistake  discovered  several  years  ago  while  accompanying 
Professor  P.  F.  Kendall's  field  class  in  Westmorland. 

Dr.  Marr  says  (quoting  from  the  previous  paper) — ''  at  a  point 
where  a  tributary  stream  (Rundale  Beck)  enters  Swindale  from  the 
east,"  etc.     This  should  be  Small  Buruj  and  not  Rundale  Beck. 

His  description  of  the  Staurocephcdus  limestone  applies  to  the 
beds  below  the  junction  of  Small  Burn  and  Swindale  Beck,  while 
around  the  junction  of  Kundale  (or  Great  Rundale)  Beck  and 
Swindale  Beck,  about  220  yards  further  south,  the  Stockdale  shales 
are  developed,  into  which  a  lamprophyro  dyke  is  intruded,  as  shown 
in  the  section  on  the  map  accompanying  the  paper  on  the  Cross  Fell 
inlier. 

The  streams  are  correctly  named  in  the  description  of  this  area  in 
the  Survey  Memoir  on  **  The  Geology  of  Appleby,  Ullswater,  and 
Ha wes water  "  (pp.  36  and  41). 

The  names  of  the  streams  are  taken  from  the  6-inch  Ordnance 

Map,  and  I  take  this  opportunity  of  pointing  out  the  mistake,  so 

that  strangers  to  the  district  may  not  be  misled  by  the  wrong  naming 

of  the  stream,  if  they  should  ever  wish  to  make  a  closer  acquaintance 

with  this  interesting  bed  in  the  field.  E.  J.  Edwards. 

12,  Norwood  Tfrracr,  Leeds. 
November  Sth,  1906. 
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THE    LOOSE    VALLEY,    ETC.,    NEAR    MAIDSTONE. 
Valley  $  of  $ubiidence  initiated  by  SwaUow-hoUi, 

Sib, — My  attention  has  for  some  time  been  called  to  the  formation 
of  valleys  from  what  seems  to  me  a  new  point  of  Tiew,  and  both  at 
and  near  Mailing  the  evidence  for  this  seems  as  clear  as  one  can 
expect  in  these  cases. 

This  evidence  seems  to  point  tliat  these  valleys,  all  of  which  are 
in  the^  same  formation,  viz.  the  Hythe  Beds,  and  I  would  also 
include  some  valleys  in  the  Chalk,  have  been  initiated  by  swallow- 
holes,  and  that  these  have  been  in  their  primary  stsLge  formed  from 
below,  by  the  uprise  of  the  water  up  lines  of  weakness  under  hydro- 
static pressure. 

Many  of  these  swallow-holes  still  exist  parallel  with  the  course 
of  the  valley,  but  high  and  dry,  and  many  of  these  are  known  by^ 
local  names  as  Jacob's  Hole,  Bahl win's  Hole,  etc.  Some  still  contain, 
water,  and  are  situated  at  the  heads  of  some  of  the  side  valleys  and. 
are  fed  by  springy. 

It  appears  also  that  much  more  has  been  done  by  way  of 
erosion  by  the  invisible  underground  stream  than  by  the  visible 
one,  and  the  shape  of  the  valley  sides,  very  steep  in  places,  indicates 
subsidence  consequent  on  the  giving  way  of  the  valley  under  the 
weight  above,  rather  than  by  subaerial  action  alone,  though  this  of 
course  has  contributed. 

In  the  case  of  Loose  Valley  wo  have  instances  of  the  loss  of  the 
stream  for  over  a  quarter  and  half  a  mile  respectively,  not  nn 
unusual  occurrence  in  limestone  areas,  but  here  accompanied  by 
what,  as  far  as  I  know,  is  a  most  unusual  feature,  viz.,  that  the  loss 
of  the  valley  accompanies  the  loss  of  the  stream,  and  that  where  this 
occurs  the  valley  ceases  practically  to  exist,  and  is  bridged  over. 
Another  governing  factor  seems  to  be  the  varying  proportion  of  the 
Bag  to  the  soft  Hassock,  as  where  the  valley  ceases  there  the 
Hassock  is  very  thin  and  there  the  quarries  occur,  naturally  at  the 
place  where  the  Rag  is  thicker. 

Another  interesting  feature  is  the  fact  that  there  are  various  water- 
levels  in  this  valley,  and  one  case  is  that  of  a  spring  pond  at  a  much 
higher  level  than  the  river  and  running  over  into  it,  a  phase  in  the 
former  state  of  that  valley  when  this  pond  was  a  deep  swallow* 
hole.  Again,  too,  there  occur  many  natural  pools  along  the  course 
of  the  river,  and  where  these  occur  the  valley  assumes  a  crater- 
shaped  form  as  if  these  pools  also  had  once  been  deep  swallow- 
holes,  now  worn  away.  That  the  loss  of  the  river  and  of  the 
valley  must  have  escaped  notice  when  the  geological  map  was  made, 
is  shown  by  the  fact  that  at  the  part  where  the  last  issue  of  the 
river  takes  place  at  the  foot  of  the  rise  which  there  terminates  the 
valley,  a  fault  has  been  mapped,  cutting  off  the  Atherfield  Clay, 
which  it  appears  merely  passes  under  that  rise. 

But  I  think  I  have  said  enough  to  show  that  both  the  Loose  and 
the  Mailing  Valleys  deserve  attention  from  all  those  interested  in 
valley  formation.  F.  J.  Bennett. 

October  Zrd,  1906. 
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THE  ZONES  OF  THE  LOWER  CHALK. 
Sib,  —  In   the   November   uuinber,    p.   507,    Mr.   Jukes-Browne 
oommente  on  my  '*  curious  method  of  estimating  the  affinities  of 
a  fauna."  ^     The  faunas  compared  are  those  of — 

A.  The  Chalk  above  the   Burwell  Rock   of  Cambridgeshire  and 

Suffolk,  containing  51  species,  33  of  these  being  oommon  to 
the  Burwell  Kock. 

B.  The  Burwell  Rock  of  Cambridgeshire,  with  87  species.       ^ 

C.  The  Chalk  Marl  of  Cambridgeshire,  with  25  species,  of  which 

23  occur  in  the  Burwell  Rock. 
The  **  more  rational "  course  advocated  by  Mr.  Jukes-Browne  is  to 
ascertain  whether  A  or  C  contains  the  greater  number  of  species 
oommon  to  B,  irrespective  of  the  fact  that  fauna  A  is  twice  as  large 
as  fauna  C. 

By  his  method,  since  all  three  faunas  are  closely  related,  the  larger 
of  the  two  faunas  A  and  C  is  bound  to  appear  the  more  closely 
related  to  B.  Therefore  I  prefer  to  compare  the  percentage  of  forms 
in  A  common  to  B  (67  per  cent.)  with  the  percentage  of  forms  in  C 
common  to  B  (92  per  cent.). 

With  Mr.  Jukes- Browne's  statement  that  taking  a  larger  area, 
including  Bedford  and  Hertford,  the  fauna  of  the  Totternhoe  Stone, 
•excluding  reptiles,  ''  comprises  96  species,  of  which  only  23  range 
downward  into  the  Chalk  Marl  of  the  counties  mentioned,'*  I  cannot 
■agree.  His  own  General  Memoir  records  31  such  forms  ;  and  I  have 
already  recorded  Nautilus  elegans  in  addition  to  all  these.  The 
Chalk  Marl  of  these  counties  contains  35  species,  of  which  32  are 
<K)mmon  to  the  *  Totternhoe  Stone,'  i.e.  91  per  cent,  a  figure  in 
•close  agreement  with  the  percentage  quoted  for  the  smaller  ai'ea. 
In  support  of  my  contention  that  the  zone  of  Ammoniies  variant 
ehould  include  the  Totternhoe  Stone,  I  give  the  subjoined  chart, 
;p.  575.  Upon  this  I  have  plotted  most  of  the  species  in  the  Burwell 
iRock  of  Cambridgeshire  which  are  not  recorded  from  the  Chalk  Marl 
of  that  county.  The  species  chosen  occur  in  the  Lower  Chalk  of 
Folkestone  and  also  at  some  intermediate  locality. 

Forms  above  the  line  ABC    have    not   been    recorded  below  the 

'Totternhoe  Stone*  of  the  region  indicated. 
Forms  below  tlie  line  ABC  are  not  recorded  above  the  Chalk  Marl 

( unless  marked  **). 
Forms  actually  upon  the  line  ABC  occur  in  the  'Totternhoe  Stone' 

and  alho  in  the  Chalk  Marl. 
Thus  the  line  ABC  represents  the  base  of  the  'Totternhoe  Stone.' 
The  straight.  line  AD  represents  the  top  of  the  'Totternhoe  Stone,* 

and  also,  as  I   maintain,   the   top  of  the  zone  of  Ammonites 

varians. 

Thus  we  see  that  the  fauna  which  occurs  above  the  base  of  the 
*Totterniioo  Stone'  in  the  north,  is  within  the  Chalk  Marl  of  the 
south,  and  that  the  transition  is  gradual. 

But,  on  the  other  hand,  the  line  AD  separates  two  different  faunas. 

*  See  my  Article  *'Zoues  of  the  Lower  Chalk,"  Geol.  Mao.,  Sept.  1906,  p.  412. 
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Below  it  there  is  always  the  Ammon%t€$  variam  fauna,  containing : 
Feeien  eUmgatut,  Diaeoidea  subueulu$t  Nautilu$  deMlongchampm- 
nuuMf  Nautilut  elegan$,  Turrilite$,  BaculiU$,  and  Aetinoeamax 
laneeolatuB. 

Above  it  is  the  Hola$Ur  Chalk  with  Cidari$  Bowerhanhi,  EehinocyphuM 
diffieilit,  Hola$ter  trecensis,  Discoidea  c^lindriea  (hemispherioal 
form).  PtyehoduB  decurreni. 


CAMmUDOISHIRB. 


Bbdfoudhhxbb 
and 

HXBTFORDSH IRB. 


OXFORDHHIRB, 
BUCKINOHAXSHUIB, 

and  Bbhkshxkb. 


FOLKBKTONB. 


Chalk  oontaining  CUarit  Botcerbauki^  PiyehodHt  deewr$na^  Holaater  trecentiSf 
Eekinoeyphtf  d{^il%»f  and  DiMcotdea  eylindriea  (hemiBpherical  form). 


Oxyrkina  MuntelH. 

0.  Mantelii. 

•  •  • 

0.  Mantelii. 

JhratMphyrtena  ferox.  * 
Jfoiidmnus  mUrodou, 

P.  ferox. 

•  •  • 

•  «  • 

•  ■  ■ 

P.  frrox. 
N.  microdotk. 

C^rmx  fidemtm. 

■  ■  • 

A.  eenomanensis. 

•  •  • 

•  •  ■ 

C.  faleatua. 

A.  eenomanenaia. 

Aetinoeamax  ianeeolatHs, 

Act.  hfteeolatus, 
P.  Beareri. 

••  • 

1 

Act.  laneeolatua. 

FieeUn  BmweH. 

P.  Bear 

rn. 

*P,  Beaveii. 

JPneUn  ehnytttut, 
Fhidodiomya  dtettuata. 

P.  elongatus. 
Ph.  decmsata. 

P.  elong 
Ph.  dec 

atua. 
na^ata. 

P.  elongatua. 
Ph.  decua^ata. 

InoetramuM  ttruittts. 

•  •  • 

A.  navieularin. 

I.  afria 

fna. 

I.  airiatua. 

AmmoHites  uaviciilaria. 

A.  navi 

cnlaria. 

A.  nat'icularis. 

MtmioBter  Jforriai, 

II.  Morrini': 

II.  Morrisi. 

*II.  Morriai. 

Solarwm. 

•  •  • 

iSolarium, 

Solarium. 

JfautiiuM  detkngehamptianm 
J\$rriliU9  eo9taCus. 

r.          ...              B 

•  •  • 

N.  dealongchampaianna. 
T.  coatatua. 

y.  dealongcbampaianua 
T.  coMtatua. 

Turriiites  Heheuehzerianita, 

T.ScheuCi 

Z^iatnia. 

T.  Hcheuchzcrianna. 

•  A .  rhotumagenaix. 

*  rienrotomaria. 

T.  iSchaichzerianus, 

Ammonitet  rhotomayetisia. 
Pleurotomaria. 

A.  rhofo 
Pirn  ro  to 

mayenHia. 
maria. 

*A.  rhotomagcnaia, 
Pleurotomaria. 

Neithea  quinquecottata, 
Lima  a»pera. 
Ammonites  Conpei, 
FaUega  Carteri. 

iV.  qtanq 
L.    a  ape 
A.  Coup 
P.  f\trfr 

mcostata. 

ra. 

n. 

n. 

*X.  quiuquecoatata. 
*Ij.  aapera. 

A.  Caupei. 

P.  Cartrri. 

Aporrhaia. 

iS".  tcqnalia. 

*A.  vartana. 

X.  quinqiu'cot^tata. 
L.  aapera. 
A.  daipfi. 
P.  Carttri. 

Aporrhaie, 
Seaphitea  aqualit. 

yiporr/ii 
«V.  tequa 

lis. 
li.t. 

Aporrhaia. 
S.  aiqualis. 

Ammonite 

»  varums. 

A.  ray  inns. 

A.  rd liana. 

Kautilue  e 
Dieeoideat 

legans. 
ubueulus. 

*K.  clct/ann. 

X.  elcgana. 
I),  aiihitcnlua. 

y.  e legans. 
I).  Muhiiculua. 

Ithynehont 

Ha  Martini. 

It.  Martini. 

li.  Martini. 

It.  Mart  inf. 

Ammonite 

n  Mantelii. 

A.  Mantelii. 

A.  Mantrlli. 

^t.  Mantelii. 

Mhynehone 
Turriiites 

Ha  grasiana, 
fuberculatuft. 

*H.  grasiana. 

•  •  • 

*Ii.  grasiana. 
'I',  tnltercnlatus. 

*I{.  gra^ana. 
T.  tulnrculatua. 

Lima  globo 
Jnoeeramtt 

ta, 

n  iatits. 

*L.  gluhom. 
•/.  la  las. 

*/,.  glohosa. 
I.  latUH. 

L.  glnboaa. 

•  •  • 

And  14  0 

men. 

Etc. 

Etc. 

Etc. 

In  oonolusion,  I  may  say  that  the  Discoideas  from  the  Uolaster 
trecenBiB  beds  of  Cambridgeshire  seem  to  be  distiuguishable  from 
those  in  the  zone  of  A.  vnrians  (inohiding  the  Burwell  Rock),  but 
I  am  not  yet  sure  of  being  able  to  separate  them  from  the  large 
forms  in  that  zone  in  the  south. 

*  Not  lifted  in  the  General  Memoir,  but  fairh*  common  at  Burwell. 
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On  the  other  hand,  C%dar\9  Bowerhanhi  is  a  chai*aoterietio  and 
easily  recognisable  fossil  in  the  Chalk  above  the  zone  of  A,  varians 
as  understood  by  me.  It  has  only  been  recorded  in  the  lower  zone 
near  Lewes,  and  does  not  occur  in  the  '  Totternhoe  Stone/  As  an 
index,  it  seems  much  more  suitable  and  definite  than  any  of  those 
species  suggested  by  Mr.  Jukes-Browne. 

I  still  maintain,  however,  that  it  is  more  practicable  to  use  the 
'<  Two  Holasters,"  which  are  commoner  fossils  ;  and  it  does  not 
seem  unreasonable  to  use  in  partnership  two  contemporary  species 
of  different  habitat  to  indicate  beds  deposited  under  variable  con- 
ditions at  the  same  time.  Mr.  Jukes-Browne  has  shown  at  some 
length  that  my  brief  summary  of  the  occurrences  of  Hola$Ur  sub- 
globosui  contains  some  inaccuracies.  This  I  am  willing  to  admit; 
but  the  necessary  corrections  do  not  affect  the  main  conclusion — that 
it  requires  the  two  Holasters  to  define  the  whole  zone. 

T.  O.   BOSWORTH. 

St*  John's  College, 

Cambridge.  

FREDERICK    JUSTEN,    F.L.S. 

Born  February  29,  1832.  Died  Xoyember  20,  1906. 

It  is  with  deep  regret  that  we  record  the  death,  on  Tuesday, 
20th  November,  of  our  dear  and  valued  friend,  Mr.  Frederick  Justen, 
F.L.S.,  the  publisher  of  this  journal. 

Mr.  Justen  was  born  at  Bonn  on  the  29th  February,  1832,  and 
came  to  England  as  a  German  Assistant  to  the  firm  of  Messrs. 
Dulau  &  Co.,  37,  Sobo  Square,  W.,  in  1851. 

Upon  the  decease  of  the  late  Mr.  Twentyman,  the  then  acting 
partner,  Mr.  Justen  became  the  sole  proprietor  of  the  firm,  and  for 
many  years  devoted  his  energies  to  supplying  the  requirements  of 
the  British  Museum  and  the  Libraries  of  the  various  scientific 
societies  of  London  and  the  provinces  with  foreign  publications. 

It  was  his  strong  sympathy  with  the  aims  and  objects  of 
the  Geological  and  Palaeontographical  Societies,  the  Geologists' 
Association,  and  other  kindred  institutions,  that  prompted  him, 
in  1895 — irrespective  of  any  pecuniary  considerations  whatever — 
to  undertake  the  publication  of  the  Geological  Magazine,  in  the 
success  of  which  he  always  took  the  deepest  interest. 

It  is  not  too  much  to  afiirm  that  the  onward  progress  of  the 
Geological  Magazine  in  the  last  12  years  has  been  mainly  due 
to  the  public-spirited  support  given  to  it  by  Mr.  Frederick  Justen, 
and  no  one  of  all  our  friends  and  supporters  rejoiced  more  than  he 
did,  when,  in  February  last,  the  500th  monthly  number  of  this 
journal  was  issued  from  37,  Soho  Square. 

Notwithstanding  the  great  personal  loss  which  the  death  of 
Mr.  Justen  has  caused  to  us,  we  are  happy  to  state  that  the  business 
relations  with  the  firm  of  Messrs.  Dulau  and  Company  will  be 
continued  in  the  same  cordial  manner  as  heretofore.  H.  W. 
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